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ABSTPACT 


Two sets of diallel crosses involving seven tetraploid 
and five hexaploid selected alfalfa lines were studied for 
various ocuantitative characters in the field trials durina 
the two growing seasons of 1968 and 1962. The characters 
seed yield, forage yield, and dry matter per plant were used 
as the basis for further selecticn, against the tetravlcid 
check variety Grimm. 

maeecross pollination check using male sterile line 
20 DRC was found to be 1.22% and self fertility of the 
hexaploid and tertraploid lines ranged from 30% to 40%. 

In general, all the tetraploid crosses were better than 
the check variety for all the main characters, viz., seed 
yield, forage yield and dry matter per plant. Though the 
seed yield cf the hexploid crosses was better than that of 
Grimm, they were poor in vegetative production. Most of 
the crosses exhibited a high degree of hybrid vigor. 

Althcugh the variances ate to general (GCA) and speci- 
alee (SCA) combining ability were siqnificant for most of the 
characters in both populations, the values of SCA were 
Higher in tetraploids than those for:GCA. Higher values of 
SCA may be expected from:selected lines. Also the estimates 
oye ae sense heritability were found to be very small as 
compared to the broad sense value in tetraploids, suggesting 
that the variation due to additive gene effects is auite 


small; most of the variation can be attributed to various 
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iv 
allelic and nonallelic interactions. In hexaploids, a 
balance of additive (fixable) and nonadditive (nonfixable) 
gene acticn may be considered to account for the expression 
of various characters on the basis of the above stucies. 

For most of the characters studied there were no 
differences in reciprocal crosses. 

The forage yield showed positive association with 
growth in spring, growth in fall, growth in year of estak- 
lishment, frost resistance and plant vigor, as was evident 
from simple, genotypic and phenotypic correlations. Similar 
correlations: were also noted between seed yield and seeds | 
per ped, dry matter content anc frost resistance. The effect 
on total forage yield seems to follow a path through growths 
Poespuingeandsfall whach are contributed by leaf size, plant 
vigor, frost resistance and dry matter per plant which in 
itself is affected by plant vigor and plant height. The 
partial correlations followed the’ trend of simple correla- 
tions discussed above. | 

Selection indices comprising the direct components of 
seed yield did not show any appreciable improvement over 
themseraiont selection. The forage yield could be im- 
proved by using several selection criteria. 

Use of heritability in the broad and narrow sense, 
selection indices and prediction of progress may be pos- 
Sible and profitablé in cases where the characters are ex- 


pressed by individuals which constitute definable 


populations. 
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INTRODUCTION 


The search for superior germ plasm and investigations 
on methods for its utilization in forage crop imorovement 
have been intensified in the last decade. The value of 
alfalfa lines as parents of commercial varieties is 
determined primarily by their combining ability and the 
knowledge of the type of gene action for yield and other 
(emit aeivebveanhericteds character ssas Theaanomneased. 
vegetative yield from hexaploid alfalfa promnted various 
workers to breed hexaploid varieties. Although the seed 
setting of hexaploids was disappointing, selection for it 
seems to be effective (Lesins, Singh and Baysal, 1969). 

In the present srude, the selected lines of tetra- 
ploids and hexaploids were tested for the relative 
magnitude of additive, dominance and epistatic genetic 
effects and selections were made of the hybrids superior 
in seed and forage yielding ability. The diallel cross 
approach Was Usedeinethis study;isincesitis oe provides 
a systematic approach to large scale studies of continuous 
variation, 2. provides reliable genetic information and 
3. assures genetically sound elimination of a high pro- 
portion of arrays and crosses of low selection potential. 
Information obtained from diallel cross analysis has 
been used in two ways: 


1. to characterize crossing relationships among the 


MRT ooh $097 tsi, ae 
= ; : oe Ee ——— 
Gi . 
uF ; 
A 


oe a 


: P : a | i, a : 
v b : i f 
teitcsentuegurt feng 24 mite Sohwhes 2% cdot 
; 7 uf oe yeuth tl if 
: | Af leat ak 
- i ' 3 y 
[ -~ ) ra i . ? 
t ; f j : 2a 4 ‘ 
n - ¢ ‘ - 
é Pi 
r ‘ . i. Ach 
' 
__— 7 ‘ : t a an m-re 
J 1 OL Sh . j >. Tang bast mi a. 
Me er Bal Do cn Wa. ¥: ret Ghat” sber 28 Lolqmse bd 208 me 
oa 


“ as 
nA bd ny BOLE Sly tiootis “4- oo i 
| yor 


= Sa } €- ‘? a ae | rt ick rm ibtaty £5 heart. 
7: were trey “oS L/ 9) rf a v HIe» a { as 46% ia ; ert 

. ‘ ; Vy a ie ‘i : 

tinos to celhvtecileos epaat 62 Hoga <7 


- : i : mae | vs 7 
bra NOtierrolntt = tense afte tes aan 
i Uy j ] » a 


uli | Pad 


, . ‘ e ° ' ff ¥ ie * 
~ Lo OY its tOd np ktoes oe iar ne scat. 


: i 
26h efegl sts.-ee br eiat iets tdi 


a : , 5 nl 1 


~“27o (Olin S Po Noheronrhss ‘Danoe us Lnosaak 


‘4 ro 
= a _ bi, y i he ee ; 
; bats PA “soridan ShIKL SHE 


° Fh 


lal , 


Hy 
parental lines or varieties with the goal of identifying 
Prosses expected to be good source material for selection, 
and 2. to obtain genetic information regarding the 
Patenta material (Griftfing 1956b,eHayman 1960). This 
knowledge of genetic effects would help in the choice of 
the most suitable breeding procedure. The gene effects 
vary with the environmental situation, so any sort of gene 
effect has a meaning only for the set of environmental 
conditions under which the effect was measured. 

The objectives of this study are: 

(yee OuesCerloaite ne relative mportancesor 
general and specific combining ability and that of 
Peciprocal.effects for various quantitative characters 
at tetraploid and hexaploid levels. 

(b) to study the relative importance of the type 
Spregenesaction, at the ploidy levels»considered, 

(c) to evaluate the extent of heterosis for the 
Nanecharecters studied. -— 

(d) to determine the relationships between the 
quantitative characters studied at two ploidy levels. 

(e) to select the best lines and best single 


cross combinations for seed and forage yielding ability. 
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II. REVIEW OF LITERATURE 

Interest in Alfalfa (Medicago sativa L.) breeding has 
increased greatly and considerable emphasis has been placed 
on breeding alfalfa for improved seed and forage yield, 
along with other characters. The literature related to 
the present study may be conveniently grouped into three 
categories as follows: 
1. Genetic Studies 

fa) combining ability 

The definition of combining ability,as usually used, 
was given by Sprague and Tatum (1942) and refers to the 
relative performance of a line in hybrid combinations. 
This relative performance has been sub-divided into two 
categories: general and specific combining ability. 
General sonisied oe ability is the average performance of a 
line in a number of hybrid combinations. Specific combining 


ability is used to designate those cases in which certain 


combinations do better or worse than would be expected on 


the basis of average performance of the lines involved. 
The general combining ability variance has been related 
largely to additive gene action and the variance for 
specific combining ability ascribed to dominance and 
epistatic deviations as well as to genotypic x 
environmental interactions. 

Levings and Dudley (1963), gave the coefficients of 


genetic variances of general and specific combining ability 
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for tetraploids. According to them, variance due to general 
combining ability consists of 1/4 0° additive (A), 
iS heO (bai GeniiceéD hel {L620 lduestonAnk ApilZ44.0¢hdaue to 
AgXHLDAtandsl/1296 o7 due to D X D; whereas variance due 
to specifictcombining ,ability .israttributed tosel/6 0p, 
Nigh abigenie (2) jn2/36 Ofquddrigenze!{E), 1/8402 Ax a, 
742 Oo AXD and 31/648 G7 DAXED) evThishinecontrast to 
the diploids, digenic variance analogous to dominance 
variance at the diploid level occurs in the components of 
both general and specific combining ability. 

The problem of producing all possible single crosses 
among a number of parents probably accounts for the 
paucity of literature dealing with precise estimates of 
general and specific combining ability for quantitative 
characters in alfalfa and many other forage species. 
Combining ability studies have been reviewed by Hayes et 
ae @ (2955 )iegior .cocniandsotherrccrops; ¢byrHanson.and 
Carnahan (1956) for forage grasses; and by Kehr and 
Graumann (1958) and Gardener (1963). for alfalfa. 

Bolton (1948) evaluated the combining ability of thirteen 
non-inbred alfalfa clones, and thirteen first or second 
generation inbred clones by using incomplete diallel 
crosses within each group. During this study he recognized 
the importance of both specific and general combining 
ability in evaluating alfalfa for forage and seed yield. 


He also noted the great variation in combining ability 
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for seed yield both among inbreds and clones. 

Tysdal et al. (1942) suggested the use of poly-cross 
method to measure the general combining ability, the 
limitations of which were pointed out by Davis (1955). 

He studied dry-weight, height, crown width, seedling 
height and vigor rating in alfalfa progenies. Tysdal and 
Crandall (1948) tested the general combining ability of 
their alfalfa Buchs Skee forage yield, bacterial wilt 
resistance and obtained a similar ranking of combining 
ability of their six clones, whether apogiéiesss Single 
cross or top-cross methods were used. 

Carnahan et al. (1960) analyzed a diallel set of 91 
crosses in fourteen alfalfa clones for seedling vigor and 
fall growth habit. Estimated variance components for 
general (by far the largest component) and specific com- 
bining ability and the interaction of these with locations 
were all highly significant for both characters. Kehr 
(1961) working with six alfalfa clones found the general 
combining ability component larger for the fall growth 
habit and rate of recovery after cutting. The specific 
combining ability component was larger for forage yield 
and spring growth habit. The six clones were previously 
selected for forage yield and spring growth habit on the 
basis of their general combining ability. Frakes et al. 
(1961) made a diallel cross analysis of four clones, two 


prostrate and two upright genotypes of alfalfa. They 
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6 
found high general combining ability for plant height and 
largest stem and low general combining ability for natural 
width and number of stems. Wilcox and Wilsie (1964) 
reported highly significant general combining ability 
effects for fall growth habit, forage yield and spring 
vigor. Significant specific combining ability was also 
noted for the above characters. The components of variance 
for general effects were greater than those of specific 
effects for these characters. 

Dudley (1963) noted significant specific combining 
ability effects for spring growth, recovery, plant width 
and plant height, but not for leaf hopper yellowing. The 
general combining ability component was biased upward by 
an amount varying from 40% for leaf hopper yellowing to 
218% for spring growth when estimates from Griffing (1956a) 
model (method I, which includes reciprocals) were made and 
compared to the selfing model. He concluded that to 
obtain meaningful estimates of genetic variance components 
from alfalfa crosses, crossing procedure insuring 1003 
cross fertilization must be used. Davis and Garter 
(1966) found no influence of self incompatibility on 
Sine D combining ability effects with or without emas- 
culation. Dudley et al. (1969) obtained significant 
estimates of total genetic variance, general combining 
ability and covariance of parent-offspring for yield, 


recovery after first and second cuts, spring growth and 
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7 
fall growth. Estimates of specific combining ability were 
not significant for any of these characters. They also 
concluded that either trigenic or epistatic genetic variance 
was important for forage yield, recovery after first and 
second cut, and spring growth. Both additive and non- 
additive genetic variances were found to be important in 
their material. 
(b) Reciprocal Effects 

Bolton (1948) reported that progeny of reciprocal 
crosses, with very few exceptions, showed no 
differences between reciprocals for seed and forage 
yields of alfalfa. Liang (1961) ‘could not find reciprocal 
difference in forage yield between ten single crosses of 
alfalfa clones. He noted some differences in the components 
of forage yield and pointed out that this could be expected 
because of the heterozygosity of the clones. Davis and 
Panton (1962) found no reciprocal difference between six 
hand-pollinated alfalfa clonal crosses (obtained with 
emasculation) for yield, vigor, height, crown width and 
seedling height. Liu (1964) also found no differences in 
clonal crosses for forage yield, plant height, stem 
number and leaf weight. Hanson et al. (1964) observed 
reciprocal differences in two clonal alfalfa crosses, 
obtained without emasculation but attributed the differ- 
ences to selfed seeds. Frakes et al. (1961) reported 


reciprocal differences in six alfalfa crosses, made with 
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emasculation, for dry weight. Wilcox and Wilsie (1964) 
showed that reciprocals of certain alfalfa crosses grown 

as spaced plants in the field differed in total yield and 
in fall growth habit. They concluded that reciprocal 
differences may be of minor importance as far as 
general and specific combining abilityare concerned. 
Carnahan (1963) in studying 95 alfalfa clone crosses and 
their reciprocals representing sixteen cytoplasmic sources, 
noted only few instances of significant reciprocal differ- 
ences in height at four and eight weeks of age. No 
Significant difference for dry weight at twelve weeks of 
age was found. Seed weight of certain reciprocals differed 
by more than 30%. Reciprocals of one cross and of one 
cytoplasmic source including eight crosses were signifi- 
cantly different in unifoliate leaf area. In each case, 
the member of the reciprocal pair with taller seedlings 

had numerically heavier seeds and greater unifoliate leaf 
area. These reciprocal differences were largely attributable 
to the relation between seed size and photosynthetic area 
in seedlings. Wilcox and Wilsie (1964) attributed reciprocal 
differences for forage yield to interaction between 
Gytoplasm and genotype. Davis and Gartner (1966) studied 
28 Fy families and their reciprocals made with and without 
emasculation. Significant reciprocal differences in both 
emasculated and unemasculated crosses were found for 


seedling height, seedling weight, recovery, plant height, 
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plant width and plant weight which were attributed to 
maternal effects.” Significant ‘maternal effects for seeds 
per flower and percentage of flowers setting pods were 
Pepouced= hy tRvce’ (196 8)Siin- his dialWel™crossing program 
involving eleven clones of Buffalo alfalfa. Pedersen 
(1968) also reported reciprocal differences for seed and 
hay yield in a cross between two alfalfa clones as affected 
by method of pollination. 
2. Association Between Characters 

A knowledge of interrelationships among characters that 
affect forage and seed yield is necessary if selection for 
Simultaneous improvement of forage and seed yield Se to be 
efrective. @Although many workers have’ been) actively engaged 
in alfalfa breeding, very little work on the interrelation of 
various plant characters can be found in the literature. 

Burton (1937) reported a highly significant positive 
linear or near linear correlation between forage yield 
and plant height, and that the high yielding plants 
usually had a large number of stems. Stem length OF 
six week alfalfa seedling could be used for early elim- 
ination of plants inferior for yield. Tysdal- and 
Kiesselbach (1944) found high yielding plants to be 
taller, more upright and more sparsely leaved. They had 
thicker and more woody stems, though these characters do 
not show complete linkage. A highly significant correla- 


tion value of 0.288 between self and cross fertility was 
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10 
observed by Burton (1948). Battle and Petten (1953) 
Showed that alfalfa plants selected for high seedling 
vigor showed consistent superiority for survival after 
transplanting, yield and rapidity of spring growth. 
Dudley and Hanson (1961) studied the correlation between 
several characters in F. population. Highly siqnificant 
positive correlations were noted between height, spring 
growth and recovery, between plant width and yield, between 
leaf width and leaf length, and between crown width and 
procumbance. They aiso reported that the genotypic 
correlations in general were similar to the phenotypic 
correlations both in sign and magnitude. 

Carnahan et al. (1960) obtained a very high correlation 
between seedling vigor at Indiana and Nebraska and seedling 
vigor and percent seedling stand in Pennsylvania. Highly 
Significant correlations between yield and vigor, natural 
height, crown width, seedling height (four weeks) were 
noted by Davis and Panton (1962). Larson and Smith (1963) 
presented convincing evidence of high association between 
winter hardiness and average height, percentages of extra 
tall and short plants and growth habit of plants. Crown 
weight was found to be correlated with the percentage of 
winter injury. In their investigation of interrelation of 
various characters in alfalfa, Nielson and Mortensen (1963) 
showed that plant height was closely and positively 


correlated with vigor. Similarly, seed yield and seed 
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13h 
set and date of flowering termination, date of ripening 
and hay yield at the time of seed harvest were also 
found to be correlated. 

Busbice and Wilsie (1965) observed a positive correla- 
tion between fall growth, spring recovery and yield. They 
concluded that the recombination of genes for fall growth, 
winter hardiness and rapid recovery after cutting had 
occurred and that simultaneous selection for these charac- 
ters in the material would be effective. Daday (1968), 
working with crepping rooted alfalfa showed highly sig- 
nificant positive correlations between creening rooted- 
ness, plant diameter and persistency among families under 
continuous grazing. 

Three indexes of self and cross compatibility, 

i.e., percentage of flowers producing pods, seeds per 
pod and seeds per flower, were found to be associated 
bvmcray setral. 41969)). 

The Path coefficient analysis by Frakes et al. 

(1961) showed natural plant width affects directly in its 
effect Bs the yield whereas stem number affects it in- 
directly. A large proportion of the significant 
association of height and long stem length on yield 

was indirect in its effect via width. -Liang and Riedl 
(1964) observed simple correlations between forage yield 


and plant height, number of leaves, number of internodes 


eo f Ne i - 
vet" “Brary. Dri PAOD lho SR yee eee tind Tr =o 


+ - 


v 

| 
q 
i 7 

! 
1 i 
BI ' 
i 
ie 


is oun iu 
sf . t | ry ret jj er after) ZF aes 
i as ' * —e> 
a if 


vi site te 4 “ws aT? «9 rob sey pa papel i “ines ; ps 
| | .} ry sn vk . a) » 4 rs 


nda: daviak Gan haa sa ‘ed 
en ; 7 | ju hates we 


ao 
‘at 
rea 


. 
: ‘ 
- ’ 
| 
at 


at 


bt penitent rf en’ 4 qe te CERES lanka, ide er 


init 2 ar st he 
; ogiridoe t to sad eh aea ip gol 


f ‘ = 
| gow nities i> says oy: 


~ 


mad 


Aadto pootoad anera 0:3) eninzag iam 


L > ne 4 {ity s: ars re ie Sf ‘ . 
; cr. he sae 

. NN : . iO é 

i ahd ap: — 


; * ~y ie = ow om “re v? ] op ; . ras, bala bet ae 

> r F : ye: 
a a 7 — Pe ° Ps , deen, f => 4 i > = de 
ci Pee DG To) Siro" 1, 2pGe 90% 
' | “{ 
e 


a tap ed od OoYO) stew) 4 Save ieee boii ; 
a S : * ; Ls : ‘ - 
‘ ‘ vars he un ; 
m Sora, ‘ia ote xe 
| ms 
Lf v —-d Brevisar Tt npks Crepe ade at 


- 7 


¢ py “) ni 
Sib ea3yStte 075 .W th oe LT 3 \ ate Bow ; 


rey 


7 he , 
. mare ay <, 
“ts $L Bho97 1h, TeGMun) moa raetip —_ i a ae 


Ry iti? @ atta: Soe re Th 


‘ “4 a 4 
i ¥ bipd } T5.> soe 
F “AP 
il. bq f°.) lie pnsat Zz ef eo Py vil 
' mT -_ e? a 2 
Fz 4 


bho i. IH 2 asswssdi Snoly mks A 
ini Sa | a Oe ar 


eShops ani 3a. wHetougT 2aveek Ye, eesti 


bi 
and number of stems. Plant height, seed size, Teruriscy 
and number of stems were positively associated with seed 
yield. However, the Path coefficient analysis showed a 
somewhat different picture. It indicated that plant 
height and number of stems had the greatest influence 
on forage yield. For seed yield, seed size exerted a 
negative influence rather than positive. Plant height 
and fertility seemed to be the most important factors 


affecting seed yield. 


Beene Ci litve and Pollination 

Pee omev Gente Liat lnparcas OLsOri gin QO tpriin ii ve 
aitalfa, cross fertilization by wild bees may be con- 
Sidered as prevalent, though self fertilization may 
occur to some extent. The question of fertilization 
has become more complicated as it spread “96 new areas, 
especially where there is not an abundance of pollina- 
ting eesteae 

Brink and Cooper (1936), Carlsson (1935) are among few 
of the early workers to report that pod and seed setting 
may take place to some extent in non-tripped flowers. As 
eariv, as. 1927, "Kirk pointed to -the decided reduction in 
seed yield resulting from self fertilization but also 
suggested the possibility of breeding for high seed 


yield by selection. Tysdal and Clark (1934) obtained 
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3 | 
increased response to selection for seed yield ona general 
selfing program. Temperature and light were found to 
have an important bearing on seed production. 

Lesins (1950) stated that tripping of flowers 
seems to be necessary for the seed setting, though 
plants could be found which set seed without tripping. 
Tripping in cases of cross pollination is accomplished 
by pollinating bees; but in self pollination, in the absence 
of bees, automatic tripping seems to be very important. 
Automatic tripping has been reported to be guite variable 
depending on the material and growing conditions. As 
little as 2.88 of auto-tripping was noted by Tysdal (1940), 
whereas Knowles (1943) observed it to be as high as 81% 
in one selection. 

Lesins (1950) noted a range of 19.5% to 64.9% of 
automatic tripping in his material. Kirk (1933) 
proposed use of autogamous, i.e., auto-tripping and self 
fertile plants for building up strains of superior seed 
yield. 

Self fertility is another important factor if 
self fertilization has to be utilized. This seems to 
be quite variable in different populations and growing 
conditions. Tysdal and Kiesselbach (1944) presented a 
detailed study on self fertility. Lesins (1957, 1961) 
mentioned it as an inherent and unchangeable quality. 


He also observed about 1/4 plants as poor and more than 
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14 
1/2 of the entire population as medium self<-fertile. 
Genetically, self fertility seems to be recessive, as 
pointed out by Wilsie and Skory (1948), Armstrong (1952) 
and Whitehead and Davis (1954). 

The nature of the genetic linkage between self 
tripping and self fertility is not known. Wexelsen (1946) 
found little linkage for the two characters in non-inbred 
populations. The two characters seem to be repulsive 
under conditions where cross pollination is taking place 
(as it will lead to selfs, which are low in vigor) but 
under conditions where inbreds -have to compete among 
themselves, genotypes with less decline in self fertility 
may be expected, i.e., plants with high self tripping 
and good self: fertility would be favored. 

Lesins (1950, 1961) reviewed the problem of cross 
pollination. Early workers evaluated outcrossing in 
alfalfa as high as 85% on the basis of recessive ‘marker 
traits [Burkart (1937), Knowles (1943), Bolton (1948), 
and Tysdal et al. (1942, 1948) | which was surprising 
especially when few pollinating bees were present. 

Lesins (1961) took approximately 2.1% of the set on 

male sterile line 20-DRC aS a measure of outcrossing 
in the Edmonton region. He (1950) also noted negligible 
pod and seed set without tripping. About 0.8% of 
flowers visited by honey bees were noted to be tripped. 


At this stage it can be concluded that alfalfa by 
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natural origin is an insect cross pollinating crop; 
but with adaptation to new areas where bees are scarce, 
plants favoring self fertilization could be selected. 
There are two processes involved in self fertilization: 
automatic tripping and self fertility. They vary from 
material to material and also under various growing 
conditions. Kirk (1933) and Tysdal and Clark (1934) have 
also indicated that inbred lines may be selected which do 
not reveal a drop in productivity after several genera- 
tions of inbreeding. The variety Ferax, as a result of 
selection for high seed set, could be mentioned. 

Lesins (1950) observed some selected plants good in 
seed setting and medium-to-good in vegetative growth in 
variety Ferax, and noted almost no cross pollinating 
insects in the nursery. It seems probable that in the 
field ~.self pollination.takes place in the absence of 


pollinating insects. 
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III. MATERIALS AND METHODS 


1. Materials 

The material consists of tetraploid and hexaploid 
Alfalfa (Medicago sattva L.), maintained in the 
Department of Genetics, University of Alberta. 

Forty-one lines of tetraploid and seventy-one of 
hexaploid were seeded in a randomized block design with 
tetraploid variety Grimm as the check. After two years 
of seed and forage yield tests, seven tetraploid lines 
superior in seed yield and good in forage production were 
selected for further work. They were numbered 5, 16, 34, 
Geno yee UL. and 242." "Similarly, Lour of seventy-—one 
hexaploid lines were selected on the basis of their 
superiority in yield trials and numbered Ura aiir yp hears OC ae! Be 

The seven tetraploid lines were used in a diallel 
crossing programme, which also included reciprocals and 
selfs. Another partial diallel crossing system included 
the four selected hexaploid lines and a newly produced 
(ane Sn) “line, number 5. 

The selected plants of the tetraploid and hexaploid 
lines were transplanted from the field to the greenhouse 
in September, 1967. They were kept at about 70°F. with 
artificial daylight of about 15 hours and a relative 
humidity of approximately 45%, these conditions having 


been found satisfactory for profuse flowering and good 
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growth. 

Crosses were made in all possible combinations, 
including reciprocals in tetraploids but excluding 
reciprocals in hexaploids, by emasculating newly opened 
buds. For emasculation, the base of the standard petal 
was cut with fine scissors. The staminal column was 
released by pressing the base gently with fine forceps. 
The inflorescence was then dipped in 57 percent alcohol 
for a few seconds and immediately rinsed in distilled 
water. The anthers were then sucked off by a fine 
nozzle attached to a vacuum pump. Pollen from the desired 
male parent was collected on a toothpick and applied to 
the stigma. The inflorescence was tagged with required 
details. 

The mature pods were harvested by hand and the 
percentage of pod set and the cane of seeds per pod set 
were noted. 

About one hundred seeds of each crossed and selfed 
progeny were gently scratched on sand paper to break 
their seedcoat and then sterilized by alcohol treatment. 
These were started on moist filter paper in petri dishes 
kept in a controlled temperature of 8c. during the 
second week of April,1968. 

After the emergence of the radicle, seedlings were 
planted in wooden flats (19.5" x 11.5"), filled with the 


soilemuexture (3esoil: 2 peatmoss: 1 sand: 1 perlite). 
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18 
They were allowed to grow in the greenhouse for about one 
month and then were transferred outside to coldframes for 
about one week, for acclimatization to field conditions. 

In the last week of May they were transplanted to 
the field using a randomized block design with eight 
replications. 

The forty-two crossed and seven selfed tetraploid 
genotypes, with Grimm as a check and a male sterile line 
20 DRC (to check the percentage of cross pollination) 
were included in one test and the ten crossed and five 
selfed hexaploid lines with Grimm as check were used in 
another test. The two tests were conducted in the same 
field at the University Parkland Farm, so cross pollina- 
tion data on male sterile lines included in the tetraploid 
test, was used for calculating the amount of cross pol- 
lination in the hexaploids. No extra honey bees were 
Beovined to tacilitate, pollination. 

The hexaploids were started about a month later, 
using the same technique described for the tetraploids, 
and were transplanted to the field on June 3 and 4, 1968. 

In the field plan, plants were grown ten in a row, 
90 cm. apart, the distance between rows being 90 cm. 

Two border rows 90 cm. apart were seeded with variety 
Grimm bordering the whole experimental area. 


The field was kept free from weeds during all 


growing seasons. 
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The following characters were studied: 

Vie Riesticutting (kq:)m 

Ci 2weNSecond cutting ea(kd.) 

(T3) Total forage yield (kq.) 

(T4) Seed yield (gms.) 

(T5) Number of seeds per pod 

(T6) SeDry=matter “‘perrplant’ (kg5) 


(T7) Vegetative yield in the vear of 
establishment (kg.) 


(T8) Leaf area (cms.) 

(T9) Leaf length (cms.) 

(P10) Frost resistance 

ret) wee OpaoLane 

(T12) Growth habit 

(713) Plant height (cms.) 

(T14) Percentage of pod set during crossing 

(T15) Number of seeds per pod set 

PECs ChoaraCuerse?! |e Gilw, l 5 pane ee Oost Oi wll sie Lea, 

T15 were also recorded on hexaploids and designated as 


eee ey kt Ko, SO, Ay, XO and no, respectively, 


2. Methods of Collecting Data 

All the characters mentioned above were recorded for 
each plant. The spring growth was measured at the time 
of the first cutting, taken in the first week of July, 


and weighed as the fresh weight per plant. The hexaploids 
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20 
were harvested in the third week of July. Similarly, 
fall growth was recorded when the second: cutting was 
taken, “after ‘seventweeks. of ‘growth .- *'The total forage 
Vuelos represents themtotalvof thertworcuttings! taken 
during the season, recorded on four replications. 

The eons four replications were left for the seed 
yield test. The seed yield represents the seeds obtained 
From each plant. The dry-matter per plant was noted as 
the weight of dried chaff. The number of seeds per 
pod was recorded on approximately one hundred pods 
collected from each plant before harvesting. Mature 
plant height was noted on the plants left for seed set. 

The vegetative yield in the year of establishment 
Wasecrecorded as thetotal: forages growth. 2m 1968790 which 
Woowrecerded sass they fresh) wergh ofeithes plants. is was 
taken on all eight replications. The leaf length and 
leaf area represents the length and area of the central 
leaflet of well developed reeneee Five measurements — 
were made on each plant and the mean recorded. Leaf 
area was calculated by multiplying the length by the 
width. 

Frost resistance, vigor and growth habit were 
recorded by assigning proper grades to each plant. 
Plants not affected by frost were graded 9 (resistant) 


and those highly susceptible were graded 5, recorded 
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Sereletne tieavy Lrost on Junewl2 and=137 1909. °“Similarly, 
before the frost, well grown and vigorous plants were 
graded 9 and poor ones 4, the rest ranging in between. 
Growth habit was noted on well developed plants. The 
completely erect plants were graded 9 and the completely 


prostrate ones 4; others were graded accordingly. 


Se Cross Pollinattron “Studies 

The percentage of cross-pollination under normal 
field conditions (with no provision of extra honey bees) 
was checked by tagging 200 to 300 florets on alternate 
days during the growing season on male sterile line 
20 DRC, and on two plants each from tetraploid, hexa- 
ploid and Grimm. The pods from taaged florets were 
harvested separately as to date after maturity. The 
number of pods set per one hundred flowers tagged and 
number of seeds per pod were calculated for the growing 
season for the male sterile, tetraploids, hexaploids 
and Grimm, as an estimate of the proportion of self 


rencviity Lor teach group. 


Ae »Statcrstical Analysis 
The mean values of ten plants for each character 
were used for analysis of variance as randomized block 


design to test the differences among the genotypes of 
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22 
tetraploid and hexaploid groups. Seed yield, forage 
yield and dry-matter per plant were used as criteria 
for selection of superior genotypes, using the least 
Significant difference method. The variety Grimm was 
used as a check. Performances of the various crosses 
were compared with mid-parent, high-parent and Grimm 
for the three main characters used under selection, and 
was also taken as an indication of the heterotic effect 
in the crosses. 

The diallel cross analysis was done following 
Griffing's (1956a) method assuming the mathematical 
model: 

mae) eeues giletogjetiisdy tardjtdifeanywecipeigkL 
where u is the population mean, gi (gj) is the Seren al 


ch (joes parents, sij is 


combining ability (GCA) for i 
Ehes specific combining abilitys (SCA)nforecthercross 
between it? ana nee parents such that sij = sji, rij 
is reciprocal effects and eijkl is the environmental 
effect associated with the nica individual observa- 
tion. The following restrictions are imposed on the 
combining ability elements: 

pgiest Osende psithe Oat(forseachig)) 

" AX 
ieee the effects of genotypes and blocks as 


constant, Model I of Griffing's method was used for 


the combining ability analysis. Some of the other 
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vs 
assumptions were: 
(i) All parental lines are equally heterozygous. 
(ii) Lines are deliberately chosen on the basis 
of their previous performance. 
(iii) Lines represent the selected population 
about which the inferences are to be made. 
(iv) The objectives are to compare combining 
abilities of the parents when the parents 
themselves are used as testers. 
Experimental method 1 (parents, one set of Fi's 
and reciprocals), method 2 (parents and one set of Day 


method 3 (one set of F,'s and reciprocals) and method 4 


As 


(one set of F,'s but neither parents nor reciprocals) 


iD 
were used for the combining ability analysis wherever 
suited. In cases where the reciprocals were not avail- 
able, it was assumed that there are no reciprocal 
differences. Here ae 07s and Gar stand for variances 
due to general and specific combining ability and 
“Hoctorocal, effects «+ The, estates of these effects are 
designated as gi, sij and rij, respectively. 

The heritability for each character was computed 
in the broad sense as the ratio of genotypic and total 
phenotypic variance and in the narrow sense as the ratio 
of variance due to general combining ability attributed 


mainly to the additive gene effects and the total 


phenotypic variance (Lush 1949). The genetic gain 


# ‘ 

aw 

* per uO Mite aie 
AoW 


‘ a 


ort ae rs aks tay etn 


yy 4 , ey) mm ry > o r Sf] 2 tte i riw dHeds, x 
hao. OF othe nae toxpalo- Sekt! 
i f . : 
ey “tel f° S40 etKG OF os “ ro] 93 sities 
. . ro t 7 ~- = “iy 
: ,226°?0s, 6s bsty Sas as9 fSRmgn zs” a 


; 1 oN _ * : . i hin riey Sore, fedora) "2 ci 


22 .9E_ OI DNS | HST Ssh) © 5 BOR cn w let canola m 


a 


«=> 
' 


‘ ad F 7 
; i ut Drea (aiAnosadiosexr bak 2" te 20. °Fae Sy) | - 
- — bs : 
a rl | fe a] 
oe 4 Ra eer ‘ ia 
+ t { te Juhl CL = = 


*_ Bins vou maet> we tay inion era ‘Top 


: 
= Tihs + Taher Z ‘Tat 2BAan al 

4, a 

4 
n bs Fee ps tT 3th evens Genny psateeeoe. Bee 
: 
r « - . 
-~, = 7 - > ~~ ax ‘a a? ait | , Le 
el LS 4 isiz = besa hh. Ae eee 
; 
= ‘ Trae “ ¢ , tt >. ~ 4 > +A on 
. hy be ek oh Dud iad bi i el 
% — 


air <= ee STS aas i4 oO. Bs »tinmeaea ey e335 


Ly (opens errs bere “ete 4 


fc 
= al 
2. 
a 


HSIN. 267. toFs clean rows tery ‘td 


} aA ov oy 


fed crs) Ocey BI ae oie ae og tay Ht 2h 


ei 
“= : : mat 7 ; ’ te a 
oe | i> 7311 z &  , = 4; ral vito at LTpit ore a ve 
7 n 7 - M = i 
Pee 
trstig Ne i % 4 


a (5 


24 
anticipated was calculated by multiplying the coefficient 
of heritability by the expected selection differential. 

Along with variance, covariance analysis for each 
pair of variables measured was made. Simple, genotypic 
and phenotypic correlation coefficients were calculated 
using the formulae suggested by Fisher (1954) and 


Al-Jibouri, Miller and Robinson (1958), where the 


COV? xy 


Sa relatlon.coetficient < "rn! = [5 aclens 
EL ae 2 


The variances and covariances of environmental, ~ 
genotypic and phenotypic levels were used for the cal- 
culation of respective correlations. The sum of squares 
and the sum of cross products at error and genotypic 
levels were taken as error and phenotypic variances and 
covariances respectively. In the case of the genotypic 
correlation coefficient the sum of products and sum of 
squares at the error level were deducted from their 
respective values at the phenotypic level to obtain re 
genotypic covariances and variances. The partial 
correlation coefficients were calculated by standard 
formulae (Fisher 1944). 

The method of discriminant function and the formula 
as suggested by Robinson et al. (1951) was adapted for 
construction of selection indices and for computing the 


expected genetic gain. The function may be defined 
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as 


where YY is the total response and b ba are the 


weights of Xpeceee xy characters. 
The genetic advance 
= 2.06 - DiYxy ct bjYX5 Sop Gag ce = Deyo 


where YXy1 YXoreee- yx, are the genotypic covariances 
between the above combinations and 2.06 is the selection 


differential in: Standard units for 5% selected. 
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EXPERIMENTAL RESULTS 
A. POLLINATION AND FERTILITY 


Rescentagevolscloss—pollinatvonsunder ne Growing 
conditions of Edmonton at the University of Alberta 
Parkland Farm was checked using male sterile line 20 DRC, 
which, when crossed, showed 84.4% pod setting, indicating 
its high degree of cross compatibility. Racemes on these 
plants randomly located throughout the growing area were 
taggedm during the“growing season. After maturity, pods 
were harvested from these tagged racemes from» 20:-DRC, two 
tetraploids, two hexaploids and two Grimm plants. The 
results are presented in Table l. 

From the cross pollination. data noted on male sterile 
line 20 DRC, it is.evident that there was very low percent 
(1.22%) of out-crossing in Edmonton conditions, suggesting!) 
the high degree of self fertility in these tetraploid 
(approximately 30%-40%) and hexaploid (approximately 29%) 
lines which is also higher than the check variety Grimm (9%). 
Since the lines were previously selected for the seed 
setting ability under these conditions in scarcity of 
pollinating bees, it may be concluded that selection for 
higher pod set is possible with this material. Similar 
results ere also reported by Kirk (1933), Tysdal and 


Clark (1934), Fryer (1939) and Lesins (1950). 


— 


2 ‘ a 
: : . R in . pa POF ‘a o tig ig 
ihmntn o€ . r (mt 18 Liu nan oc) ae ie : f 
’ ; : 


es 790i. "oO wis tint: att 26° “eo ariot be to 
[ eléteté oben alee pemeais nav, ‘pit 


ji : 3 ee 


piri 4 pre ‘& Bog 8 Bewotte one mets oat 


al f 
+ -_ } ps & a 
yas ; . gett her fe ie be) 2 
v 
af ~ ws 
Z i? Thi iJ i SF ae } 5 act “Ze ~; 


< y ar ’ oie a r) was ord toby Dey 
~ oo ni 
om ieL- bomenax beveist Sesssiiaye bases eet 


4 P| : 
é | . 
core iia cain 
fe o ; esd: GS * j Cra nes 
_ —, =i 
roe & 


sl elde? at bBeatreheare.: wi atk 


bem na boston svar cops eapl fogs sea@n5: and: é ot 
‘ i} 


; - 
~~ * 4 noni , = : - & f ——) oa A 4 
’ w0%.j iets ©, rode iad es eee 53 Poe) Oa = eee A ? id 


| 


ag 
ao 
i 


wif o 

oe 

ror, | 
Ae. 


F 
epopore..eaatttbiucs modtemhl nr. pag LCT I Poet, 
, a / a 


bividexes-stod+ nt whbhbites ise Be i eli eh 


5 vs { ‘ : PS » - cee ie eee 4 
belcis eerie pee bhadob! od yeas Med Stew Bee if 


Ale nen oe 
1d YIKDUROS Be en Pa i ting “atiedit 19hebig . sd Sely 


fs (? Pi: eg a ee i 


oT noLrosisa tes pabulated ed VEMs ee 


i 


i o 4 
S 7 -*. 


i ; Hag . 
welinion, .leizesem an Ave otalaas wat 
' my Pa 


bie i. 6beavy>. (herd j f a tae ath ie 
1 ’ con 1 
Jp R peer : 
aoe ies 
6’ 
; i 


27 


Table Il. ~The’ cross pollination data on tetraploid, hexa= 


ploid, Grimm and the male sterile line 20 DRC. 


Tetra Tetra Hexa Hexa Grimm Grimm 
Item 20-DRC 1 5 1 5 1 5 
No. of flowers 
tagged 32:10 3326 2558  o25049 C1647] 3413 2347 
No. of pods 38 1344 778 724 492 305 222 


No. of seeds . 181 2054 L501 SELSOGR oboe 486 5a0 


% of flowers 
forming pod ae 22 40.0 B08 41GRSL79C2Z9E B7AUGEVS 9.45 


Seeds per pod 4.76 INB89> WHO2PS 2), 2OSe IEW SCAN 58 2.47 


Seeds per 
flower O7;058° 04763370 2586506340 2516407 1 ae3 Ore o4 


um 


a 7 
Uy =] 
‘ Aw SC 
Vv ; am as 7 ay SA - 
: | a) has ru 
: 7 > has » ay 


7 ab’, 


a 
Een hielasites fio Stab obsgpt hoa! = aint tt 
OAC OS sci a at aisnt sft bs: nk TA eo 


aT A 
Lali © es 


amin mimixe- Sx4H -sxsil stsoT stte? bas 
¢ a Oe f S k ona s0S 


chES. Ef . WRAL LOS wees SSE” “OMRE, 


cts e2oe Sen Av [BSN BSEE) “me See Ha 
7 ss ; a a ¥ - ~ 
Qe2, pAb “28 der LOeL “ C&ck ~ ERS ae 


7 


an.@ (68,8 )Fa covey Bo. Lh08  O.0h | aioe 


fits ewer ay) 
ras Caf €s.f 08.8 Sef pei tote Rim 
’ ; : ; ; ; ; ' at tet i 3 ; ia : ; 
beo.0 ESbL.0 BE.0 SER.0 BBE GigealyG biel 
aa? a hen on ty ait) d 


28 


STUDY OF QUANTITATIVE CHARACTERS 


The quantitative characters mentioned earlier were 
noted in both the tetraploids and the hexaploids. Thev 
will be tested separately from here on, according to their 
ploidy level. 

The character measurement means of the genotypes are 
given vin Table I (I-1 to I-15) for tetraploids and in 
Table II for hexaploids (both tables in appendix). Table 
shows the analysis of variance for the fifteen characters 
studied in the tetraploid group. All the 'F' values were 
Bogncaco. be highly “significant (at 1% probability), 
implying reliable differences among the genotypes. 
Similarly, Table 3 shows the analysis of variance for the 
seven characters studied in the hexaploid group. It is 
evident from this table that most characters showed a 
highly significant 'F' value except first cutting and dry 
matter content which were significant at the 5% level of 


probability 
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Table 2. The analysis of variance for the characters 
studied in the tetraploids. 
Mean squares due to 
Characters F-Value 
Blocks Hes Error | 
types 
wee eerste Cut 0.4409 0.0872 0.0244 = 375740 
T2 Second cut 0.0484 0.0452 00:07 5548030 = 
dhs} Forage yield We Bear! One a 0204609 4.00117 ~ 
TA Seed yield 282 POOUe Biss OO Uit a4 ned Oo OMe keel 2 
5 Seeds/pod 4.0803 0.5425 Or Ome Oo 
T6 Dry matter/plant 0.0149 0.0085 PONS we Siege totais 
sy Forage yield in 
establishment ; 
year 0.6421 O:51278 OC oa ie loa 
T8 Leaf area Lb, 4235 0.1434 O02 Dern Gr 13.3 Oras 
T9 Leaf length 0.8417 0,0583 0.0076 7.6730** 
Tl10 Frost resistance Une oe OMe eee 04339 6440 0%* 
Lobe ee lant Vigor U2 25 0.2580 OOS Ofer ioe 20 4 
T12 Growth habit 0.1169 0.1207 0.0143 8.4377%** 
T13 Plant height T09. 8290 9257-9390" 30.7430. 6.57007 
D.F. 3 48 144 
shen ll ih il i ARE AI, A ca li ence ashen eS eS 
‘T14 % pod set during 
crossing - 5A, oo 40 FO. OG. Do as 
15 No. of seeds per 
- a ns bg Bi Peou a Lary = a. 


** Significant at 1% level of probability. 
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Table 3, The analysis of variance for the characters 


studied in the hexaploids. 


Mean squares due to 


Characters ———__———. F-Value 
Blocks poles EErOr 
types 

Dei 4 14 49 
X1 Birsitk cut 0.0242 0.0382 OpOrl S78 ay. 0.7 89% 
X2 Second cut 0:00 EE 0;20.833 0). 0.064 —b2.9092>* 
363 Forage yield 0.5080 0.2142 040.3 G56. 969 /=% 
x4 Seed yield brea8 929 O24 Bk A383 492. 138290 40** 
x5  Seeds/pod +. 092550 0.4525 0.0604 7.4870** 
X6 Diy mia teen eper 

plant — On 0299 0200S 0.0063 1.6524% 
X7 Plant height VT4.00907 Lomo 020 iso 2110 Gao s0re 


~eeci guilt rcant rates tlevel ofeprobabilitys 


*eeSugniticant eat’ Uaglevel .of ‘probability. 


Further selection was made in tetraploids. The 
selection was based on three characters, namely seed 
yield, dry matter per plant and forage yield. The least 
significant difference method was used to select out the 
superior genotypes where the variety Grimm was used as a 


check. The selected genotypes are underlined mn TabiLes) 2-3; 


I-4, I-6 (appendix). 
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B. COMPARISON OF SINGLE CROSS PROGENIES WITH 
THEIR PARENTS AND THE VARIETY GRIMM 
(a) Tetraploids 

A comparison of single cross progenies with mid- 
parent, high-parent and the check variety Grimm was made 
for the three main characters, viz., seed yield, forage 
yield and dry matter yield per plant. The comparison 
was made in terms of the performance of progenies as 
percent of the mid-parent, the high-parent and Grimm. 

Table 4 shows the results of seed yield per plant. 
The single cross progenies produced an average of 
371.99% more seed than the mid-parent and 287.54% more 
Gaeneoneir high-parent. It.can,also be noted,that they, 
had 377.43% more seed yield than variety Grimm. The 
einig tex Crosses, > x, 242, Lo xa242eand 201 xa242,s5cem to 
be highly promising having values of Glee 1 Og oe 
and. 5od.5/72, respectively, more, than Grimm, Parental 
Minesao. 201 anc 242 had yrelds,of 152./i2,—9156.104 
and 169.79% of the check variety Grimm. From this table 
it is clear that all single crosses show a high degree 
of heterosis. 

Table 5 shows the results of forage vield per plant 
of the single cross progenies of selfed parents and of 
the check variety Grimm. The mean of the single crosses 
shows that they produced 126.16% of mid-parent, 114.60% of 


high-parent and 128.50% of the check. All these progenies 


ele. 1 , hans > bee 
A | Ly rie 4 J ’ 

cs oh i 

21 t 

Po 7 


te: 108) 


i i pi 


Hit - a fray: NOO ata its snotee 0 


SPaioy i am _ ge tye Les iW Pa ee | sfoeged > ei ‘oon pe “s 


_ > om . 4 a 


MBL amoo 2kIT whi 7 Alatw sed fr “it eh fine 


:; un) aha vr ie 
ij * tc t ce LG i : 1Aa ory. 6 7 amis ae section 


i ‘= mh e 76 ther ret Hae! ay 3 taf ors he Bri ‘aed 2a 
Fe y r ‘ ' y 3 


; ies Tea first eo' RO’ 2aaldeet eas abage & aie 


oo” {. 
= J I , ee : =" s> 
: Oo Sepnriov7s, AS. SeSovRote St Lhe eee eee al rat 
i ‘ j 1 : : , ‘ i ' 
- , 4 - ith: 
4 =: ge bar hte Dr i f fed at's “A ot rf :} 5, dae arom'8 


Nee i i: 


weit aed’ sbatornt od ofl6 ‘nes 3% “Si dower pic ade is 


~ ' 
. site ve ‘edd bial 202 Steer 
é z 
E - r 1 * ~ s ve 
a MED. US- bah Ne x OLAS eR, Sa ee 
, be ape 
' RACLOVE’ OISi ble Mee sep laer preven lanai dir 


(kocar6ES or’) rend? anu ed aed: iS Saye a a0 
- ; Ty oe 


+. 5 ‘ow Se 
: 2 4 : 
. ° P 4 _ ¢ i — 
aod 4 i, mor TKi2D Visbwsv wosda oat te. 
- hia # , i ea 
> ’ | i hes ‘ pa: 
ao i 2 da as : "7 r bys 5 “rail 
Sy pooado (het) & WOne -e2cebo2o es Last Le 415 


Ts. ao “ed blety 9o6mQ%% toe alee nk 


a rar: tp =~ , 
o bas Bctiaetac be ioe TOKE Fe 


Beced yo OLAS: : as: bit jdm ‘sit nag) 4 MMs Tee 

eee | ye 3 

to €0a, bil. ,agstsq=pe ba ae, fai 
("60 ai) ea eae 

sit api Seo £0 «a ABs 
i vee ; _ 


32 


Table 4, Seéed*yield (T4) per’ plant for Grimm, selfed 
parents and single cross progenies and as % of 


mid-parent, high-parent and Grimm. 


Line/Progeny Seed yield % Mid-parent % High-parent % Grimm 


Cones) 
Grimm was 0 - - 100.00 
5 fen 15 dl pe - - P5277 
16 Galo2 - - BOG A2 7 
34 4.372 - - Los 7 
63 33475 - - 60.23 
67 pe PL - - BSaL2 
201 9 20:07 - - P5G-210 
242 DAO 7 - - 169.79 
Sse LG: 19.5796 264.90 PAIN ea 8 | 343.08 
eS x: 34° Lene 224.02 Ly aye) Pilate pen | 
se. GS LoaLi5 294.79 20550 BF oD 
By sc Gi 2i30'7:6 ZO 23 136.99 209! 928 
ro Url 2 2 2 233's0 6 Pr SrAve IEG 360.86 
5 se 242 1a 52057 Seated EMeye Pe o W GL UP2T 
UG xa 34) Lsh2'3.1. ayer 7 Ze6 518 25 0AL7 
EG 32-63 LYSsli 391-67 SOGie7 6 34600! E 
BON se. OF 2 a2) 0 604.89 410.95 436.74 
Bar AOL 24.298 201 269876 S2UHLO 
UG 3G 242 3:2°.9:00 AsO 337 B70 #19 
Jay 3x 63 24.492 G2Z43-L 560.20 424.47 
Sa x GY 1.3) 06579 ALG 23 Shee 8 ALOT 
sh sxe 201 Lae] 198.49 147.40 230 410 
34 x 242 aL 33.8297 240,04 AO. Toot 7 
Gai xt 67 208063 858.49 i WPS Sis SAAT L 
Ga: x 20) 26D 5 394.24 aie ste f 426.42 
63" ei 242 2973 309439 AG SALT: 45071213 
Gro x 20) Es rao SACU 204.07 318.56 
67 sx 242 2raor W2I 2S 257290 F37290 
Av x. 242 oae7 49 S463 2 334.27 FO feos 
ee ee ne a aE an a 
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Tasers. eerorageryield LI69o(T3)ieper plant?for: Grimn, 
selfed parents and single cross progenies 


and as % of mid-parent, high-parent and 


Grimm. 
Line/Progeny aera ce Mid-parent % High-parent % Grimm 
Grimm Terai ~ - 100.00 
5 A ey - - 79,20 
16 ties TAL, _ - EPA ngs th 
34 Lee - - OIe35 
63 SONS ~ ~ 96.81 
67 eee Gem - - BONOE 
201 W eyaget FR: - - PS Getks 
ga2 e420 - - 101.06 
S\ ae ARS 1825 28256 105,98 LZ S 0 
Se xo3a 1.602 16 376 L24518 £1345 
5x) 63 1.648 1239 LeU S earl 
Be id, 13589 29921 i 20s 66 108.99 
3h pe geatyl Ie 92 117.89 935 8 Longs 
Sis 242 is23 148.82 Seen 5 134.06 
16 x 34 de G09 120219 OSs eee. sivas) Catal 
26 x63 14744 Jase02 £0dc39 LeBES 1 
cho ex 6/ 1.884 26s 22 10953 Poa a2 
roexn 201 L.950 107.08 101.40 1880 
Tees 9g aL A Vi yget be ts} 20 oeac a Ser 53 140.79 
BAmxe 63 24 0:09 jes Enat, 146.96 LA 2628 
so 2x) 6 / {py sess E2983 bey TL 42 
Beit 20 1 Ug oe 116.68 Ome a5 G2 FL 
ees ee 2 Poss P2393 Ley eos 119.19 
Goes +6/ 1.664 126, 44 120 7 2 1i7 84 
G8 pe PASTE 1.864 Liss! 96.93 P32 2.0NL 
63407242 17818 1298 77 L278 0a 128239 
Gfx 20 L902 TeLORrs 2 98.90 134070 
6S C242 13815 134.84 127.18 122754 
20 x24 2 2 Los L29:.43 LLP #ie" 5a. 54 
ee ee 
Mean 
(crosses) edhe 126; 16 114.60 128.56 
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exhibited heterosis when considered at mid-parent 
value. Most of them, with the exception.o£ 5 ox 201, 
Gee 2Ut, Po 4 exer Oleancnsbusx  20lemwere superior to their 
high-parent. All crosses were found to be superior to 
the check for this:-character. 

On the basis of the performance of the parental 
Hines; it may be said that lines 16 and 201. are better 
than the check and line 242 compares well with it as 
tev yielded P2de7g1%, 1367183 "and 101 06%, respectively, 
of Grimn. 

The results pertaining to the character dry matter 
per plant, are presented in Table 6. The parents as judged 
by their self progenies do not appear to be superior to 
Grimm with respect to this character, though line 201 could 
be considered as equal to it. It may be noted that this line 
was highest in forage yield (Table 5). Most of the single 
cross progenies exhibit heterosis as their values are statis- 
tically higher than those of the high-parent with the 
exception of crosses 16 x 63°26" x 201, s4°% 201, °63 fog PAP 
which show complete dominance (their values are equal to 
the high-parent) and cross 63 x 201 which shows partial 
dominance (its value is between the mid-parent and high- 
parent. 

On the average, 123.582 and 113.693 yield increase was 
found for the single crosses over their mid-parent and high- 
parent values, respectively. They were also found to be 


104.46% superior over the check variety Grimn. 
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e 6. Dry matter yield (T6) per plant for Grimm 


selfed parents and Single cross progenies 


and as’ 3 of mid-parent, high-parent and 


Grimm. 


Line/Progeny Dry matter % Mid-parent % High-parent % Grimm 


(ka) 

Grimm bet 8 Bs - - 100.00 
5 0OwSh5 - - 8355 
16 Oreo 335 = - Shee te 
34: 0.338 - = 89.65 
63 Oa] - - 62.86 
67 Oe 2377 - ~ TO Le 
PW ih On 3.50 - ~ Loss 
242 0.33477 - ~ 92.04 
bax 1b O42 0 L29eh 2 PAGeele Lick 40 
Bip3'4 0.405 4323 LOIS? LOPS4 2 
Ba. OS 02359 130e07 Tie3259 6 95222 
Srec 6:7: 0.402 1OSf55 1 2s Oe 1.0 6463 
Sex 20 t 0.410 Tey oa 10Ge4e TO8 eh 
Bisat2A 2 ron 2 127 BLS B22 P1167 
moe 34 O37 6 1 223 Eiieee4 99743 
Toesa63 ORS 7 LIES .24 TO, 20 89.38 
Pou) 67 0.423 Beep: Lg aK Oe 12520 
Vouxi2 02 OF 392 109.19 1 O2i20./ NOB’. 97 
Poss. 242 0.400 RRB fem oy! ULAR early LOG st G 
PA tA6 3 ma0 2369: Wss57 OSI AL 97.87 
34 x 67 02432 138.46 27, 91 Pee oe 
34 x 2201 0.384 OG 99.74 Loses 
ec a 2 0.434 126.90 25207 By een 
680%) (6:7 0.337 6 PA354. say. Ga 99.73 
65 ex, 20.1 02363 BES S72 94.28 96.28 
Geri 242 O50 119.86 100.86 07783 
Sees 2 OL OsALZ PP 2 61 Ode 109.28 
6 Fa s-2A2 073.912 123%‘65 112.96 LOS 9:F 
SOL yo 242 0.414 EES LL LO yes 109.81 

hs» atin ia aga etal ect ata ceca 

Mean 

(crosses) 0.394 ab as agg S| 1H es Baa eRe 104.46 
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(b) Hexaploids 

A comparison of single cross progenies with mid- 
parent, high-parent and Grimm (standard variety) was made 
for the main characters studied, viz., seed yield, forage 
yield and dry matter per plant. This comparison was 
based on the performance of progenies as percent of the 
mid-parent, the high-parent and Grimm. | 

Table 7 shows the seed yield per plant for the 
parents, progenies and Grimm. The single cross progenies 
out-yielded the mid-parent and the high-parent on the 
average by 279.57% and 240.63%, respectively, and were 
superior to Grimm by 234.05%. These lines had previously 
been selected for this character. Except cross 2 x 3, all 
others exhibited heterosis on both the mid-parent and 
bega-parent bastee Allsthetcrosses:exgepts2 x 3 were 
Superior to the check. It seems probable that the)seed 
yield could be So Eee by selecting superior lines and 
utilizing them in various hybrid combinations, as the 
single crosses in general showed superiority over the 
parents. 

The foragesyield data are presented in Table 8 
The manifestation of heterosis in single cross progenies 
is quite evident when it is calculated on the mid- 
parent and the high-parent basis, with the exception of 
cross 2 x 3. The magnitude of this heterotic effect 
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and their single cross progenies and as 


The seed yield 


(X4) for Grimm, 


mid-parent, high-parent and Grimm. 
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TaOLe oO. Forage yield (X3) for Grimm, selfed parents 
and their single cross progenies and as 3% of 
mid-parent, high-parent and Grimm. 
c i 
Line/Progeny tela. % Mid-parent % High-parent % Grimm 


yield 
(igo,.1) 


Grimm Us63% = = 100.00 
1 0.883 - = 54.13 
2 Osc0R - : 49.11 
5, 0.800 = - 49.04 
4 1 | - - 44.57 


a 0.988 = - OG 757 


Single crosses 


1 ae 0.902 107. L2 LUD elo 54930 
Me 3 0.894 106.330 101.24 54.81 
bese4 | diem BRS BW sme Py by FES), 02 61.18 
Bo ao 7339 Le3.2F 185.52 82,09 
ho BS, OFSn3 64.12 64,04 32345 
2x 4 1.082 141.62 135.08 66,33 
Zax 4D 2.23 LSh 63 124.59 13a 4F 
sue 4 0.880 LS ea 110.00 See 
ke eee, Po 57 ESL ks L3aRis4 85320 
a abe i, £25 133.60 Leo. 89 705240 
a iia Nl Nira talent 
Mean 
(single- | 
crosses) 1.034 Lacvoe 118.83 63729 
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Tabiles9. ~The dry matter yield (x6) of Grimm, selfed 
parents and their single cross progenies and 
as © of mid-parent, high-parent and Grimm. 
Dry oy 4 as o> j oom Z i 
Line/Progeny Jitter ® ao parent % High~parent % Grimm 


eee eeerane Tai kos) 555 S08 fe 


Grimm 0.434 - - 100.00 
if 0.7 - , - 32.56 
2 0.154 ~ - 35.56 
3 Osl7T - - 39.40 
4 0:31:37 - - aso 


5 2.077 = = AI, O9 


Single crosses 


tee 72 0.167 fs 27 108.44 38.47 
lease 0.149 96.75 ch haa ke 34.33 
i heraee Ore 177 129.19 ee: 40.61 
lx 5 0.210 122767 101.93 48.61 
22x 3 94807 195.67 185.38 73.04 
2x4 0.203 140.00 foro 46.77 
2x5 0.226 125.55 109.17 52.07 
Sax 44 0.142 92.29 83.04 saya 
3x 5 G2 70 142.85 130.43 62.21 
pie. 5 0.202 117.44 97.58 46.54 

a ee ee ees ee ke coe 

Mean 

(single- 


crosses) 0.206 i Beas Per ee 116.41 ry Been Te 
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40 
yield. The lines had been selected for the seed yield and 
the forage yield was a secondary character, except for 
line 5 which parents were selected also for forage yield. 
Its influence in crosses is obvious. 

The single crosses out-yielded the parental lines on 
the average by 122.51% and 113.88% when compared to mid- 
parent and high-parent, respectively, but yielded only 
63.29% of the check variety Grimm. 

Table 9 shows the dry matter yield per plant of 
parental lines, their single crosses and Grimm. The 
progenies yielded on the average, 127.74% and 116.41% more 
than their mid-parents and high-parents, respectively, but 
only: 47.55% of eae Thus, though the progenies seem to 
be quite superior to the parents all of them yielded 
considerably less than the variety Grimm. Highest 
manifestation of vigor was shown by cross 2 x 3 followed 
Dymo onde 2 xe in general, line 5 had a marked effect 
in contributing to the positive expression of this: character. 
The inconsistency between forage yield and dry matter 
yield of cross 2 x 3 may be due to the fact that two 
different sets of replications were involved, and leaf 
shed may have taken place. 

Inbreeding depression, the reverse of hybrid vigor, 
was observed in the selfed progenies of alfalfa bv 
Kirk (1927), Wilsie (1958), Koffman and Wilsie (1961) and 


others. Heterosis, on the other hand, is also quite 
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4] 
commonly mentioned in the literature, though values as 
high as 600%, as was noted for seed yield in tetraploids, 
are not very common. However, the parental lines were 
previously selected for this ApS and thus high 
values like these could be expected. 

Though Nilsson and Anderson (1941) noted the 

increased vegetative vigor in hexaploids, breeding of 
hexaploids was not found to be very encouraging due to 
the low fertility of such plants (Lesins 1952): -Lesins, 
Singh and Baysal (1969) have reported that selection for 
the increased seed yield is possible. The inbreeding 
depression and hybrid vigor studies in hexaploid populations 
are almost nonexistent. From this experiment it seems that 
the extent of heterosis is more for the characters used 


in the previous selection in hexaploids as was also noted 


in tetraploids. 
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As mentioned earlier, a number of quantitative 
characters,thought to be of importance for the selection 
program, were studied during two growing seasons. The 
evaluation of experimental results obtained for these 
characters will be considered Forte hexaploids and 


tetraploids separately. 


C. -COMBINING ABILITY 


(a) Tetraploids 

Fifteen quantitative characters noted on the diallel 
crosses of seven selected tetraploid lines were analyzed 
by WGrEtrfing's method of diallel cross analysis for the 
combining ability and reciprocal differences. 

Table 10 shows that the variance due to general and 
specific combining ability were highly significant for 
Pieeicharacters:: sfiret cuttings (Ti) second cutting wT2) 
forage yield 1969 (T3), seed yield (T4), seeds per 
pod (T5), dry matter per plant (T6), forage yield in the 
Vear of establishment, 1968 (T7), leaf. area (T8),. leaf 
Tencene( TO), frost resistance (T10), plant vigor (Jil), 
Peoieanelonte(.l3)eand percentagesot ipod set during 
crossing (T14). The growth habit (T12) was found to be 
Beet cant for general and specific combining ability 
variances only at the 5% level of probability. The 


variance due to general combining ability was also noted 
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Table 10. The combining ability analysis of the characters 


studied in tetraploid diallel crosses. 


Sources of Variation 


Characters 2 yore Reciprocal ; 
GCA (0°g) SCA (02s) ees (02 r) Residual 
We es 6 24 24 144 
el 0.0648** 3.9740** 0.0098 0.0244 
he 0.0306** Spe Sep OF ths 0.0048 0.0075 
3 0.1560** 14.5900** 0.0258 0.0462 
T4 178.8500** 1936.8900** 2270500 43.9970 
TS 0.6030** 48.0860** O70225 Ooo 
T6 0.0049** 0.7080** 0.0024 0.0024 
fA OSL 50%* 5.6590** O.0L03 OF O18S 
TS 0.1980** 27.0700** Deis 020212 
T9 0.0851** 27.0680** 0.0046 0.0076 
Aa 0.2855** 295.1400** 0-019 1 0.0433 
Jie 0.1910** 256.9700** OFS Lee 0.0467 
Ti2 022010* 214-.'3300* 0.0036 0.0143 
13 416.4890** 54534.5000** . 2. 2000 30.7430 
Darke 6 14 Zu 4l 
T14 468.4000** 91.5800** 99.2000** 10.7060 
Daas 3.9860** Ooo 0.7449 0.9600 


eee 


* Significant at 5% level of probability. 

** Significant at 1% level of probability. 

Tl = First cut, T2 = Second cut, T3 = Forage yield, T4 = Seed 
yield, T5 = Seeds per pod, T6 = Dry matter per plant, 


ed. 


Forage yield in the year of establishment, 1968, 


T8 Leaf area, T9 = Leaf length, T10 = Frost resistance, 


Tll = Plant vigor, T12 = Growth habit, T13 = Height at 
maturity, T1l4 = Percentage of pod set during crossing, 


T15 = Seeds per pod set during crossing. 
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44 
to be highly significant for number of seeds per pod set: 
during crossing (T15), but its value for specific com- 
bining ability was not significant. 

It is also evident from Table 10 that the variances 
due to reciprocal differences for all but plant vigor (T11) 
and percentage of jpod'set during crossing») (T14) ;,);were not | 
Significantly different from zero. 

The heritability in broad and narrow sense was 
calculated for all the characters. The estimates of 
tetraploids are presented in Table 27. 


Further description is given below characterwise. 


Pe Eirst #cutting, 122) 
oy othe the total vegetative growth in the 

Eee Ss e to g g 
spring of Edmonton (Alberta) and was recorded as the 
fresh weight of plants. cut in the first week.of July 
1969. | 

The estimates of general combining ability suggest 
that lines 201, 16 and 242 have positive and compara- 
tively higher values for general combining ability 
(Table 11). Table 12 shows that crosses 34 x 63, 
5 x 242 and 201 x 242 have higher and positive values 
of specific combining ability. In most cases the 
specific combining ability estimates were found to be 
higher than the general combining abaiiiy. 


The broad sense heritability estimate for the first 
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Table 11. The estimates of general combining ability (qi) 


of thestetraploidsliness fort vari ous) characters. 


Poder) 6 ont sie sleet ess 


Variables 

5 16 34 63 67 201 242 
py -0.070 0.086 -0.031 -0.052 -0.047 0.093 0.022 
T2 =Je057 0-001 0.036 0-010 -0.036 0.076 0.034 
T3 -0.130 0.085 -0.063 -0.031 -0.085 0.169 0.061 
T4 glee 00054340 — 4205) 0503 Jee 3) mle 050 oma 0 
Gy -0.079 0.067 0.330 -0.166 -0.255 -0.091 0.195 
T6 0.007 -0.001 0.008 -0.042 0.006 0.011 0.011 
ay, -0.065 -0.004 0.007, -0.087,-0.088, .0.235..0.002 
T8 -0.009 -0.152 -0.083 -0.063 0.155 0.155 0.004 
te, 0.039 -0.107 -0.091 0.075 0.069 0.057 -0.042 
T1O LEE I. PUA ON RE ea nia GLE? alge 
Td Nv 098 e005 lu 2000-0. 025me0 004ml. 119s sO 1s 
T12 0.217 0.012 -0.010 0.068 -0.086 -0.159 -0.042 
(aie 6.972 -3.397 6.002 -5.456 4.172 -4.013 -4.285 
T14 6208 598 60s ome 66 Oto wee te3 
T15 0.295 0.283 -0.513 -0.081 -0.349 0.302 0.265 


ee ee Se ee ee 2S ee eee 
Meee st. cul, T2?=-pecond-chty 13 = Porace waeid. WA = Sead 
vield, TS = Seeds ‘per pod, T6 = Dry matter per.plant, 

T7 = Forage yield in the year of establishment, T8 = Leaf 
area, T9 = Leaf length, T10 = Frost resistance, Tll = Plant 
vigor, T12 = Growth habit, T13 = Height at maturity, 

T14 = Percentage of pod set during crossing, T15 = Seeds 


per pod set during crossing. 
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Tables 12 and 13: 46 
Estimates of specific combining ability (Sij), general 
combining ability (gi), and reciprocal effects (rij) for 


various genotypes of tetraploids. 


fog Parst icut s(Growth in ‘spring 1969) ~ (TJ) 
2 $ij 
Par- gi 
ents 5 16 34 63 67 201 242 
5 a —UrOG Odo Us aoe Un 2 er. eOcomnt galery amt AU 
16 8 yeh oP - U0UF =U.ULL 0,014 —-OeEr0, 2UculU 0.086 
34° °-0.015° 0.004 = Geis) Uses. =U. OUSe Us 08 ot elo e 
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Table 13. Second cut (Growth in fall 1969) (T2) 
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47 
cut was 72% in comparison to 1.39% of narrow sense 
jeLecadutitys (Table .27).) This indicatesesthat the major 
part of genetic variances for this character are due to 


dominance and epistatic interaction effects. 


Seeeeecona, cuccing (T2) 

It represents the vegetative growth after the first 
cutting and was measured as fresh weight of plants cut 
during the first week of September 1969. | 

The variance and estimates of specific combining 
ability were noted to be higher than the general combining 
ability. Lines 201 and 242 were found to have comparatively 
higher values for general combining ability as is shown 
in Table 11 and Table 13. It is also evident from 
Mables!3)thatycrosses , 3844x163 79s. x9242egand 201 x 242 
have higher specific combining ability effects than the 
rest and their selection is expected to be effective 
if this character is taken as a criterion for selection. 

The value of broad sense heritability (70.793) was 
found to be quite high in comparison: to its narrow sense 
value (0.91%), which shows that the genetic variance for 
this character consists mostly of dominance and nonallelic 


interaction components. 
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Tables 14 and 15: 48 
Estimates of specific combining ability (Sij), general 
combining ability (gi), and reciprocal effects (rij) for 


various genotypes of tetraploids. 


Table 14.. Total, forage yield 1969 (T.3) 
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Boss tivs 16 34 63 67 ZoP3« S242 
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Table 15. Seed yield per plant 1969 (T4) 
5 - 0.339. 0°53) —0.0372) =3 7019 ple eo eo oes 2 1 08 
16 4.659 - =~ 24948 (242) BC OV eae oe, an oD 0.434 
34 1.610 -2.131 - OPIS? Bl 26S a7.114 21. 306,544,285 
eee 3 008 5a). (DAL ln 90 - 3.404.) 5:3.5565-0,4867 —-0.037 
i 67 0.981 3::3557 5 2) 4976 301163 - 01.6361) lavz0lis+2.931 
201 A) 89. =A. 923.9358 5 14355, pote 21 - 52706 1.050 
242 1, 817..-5.585e22-430 94126084 1.860 4.517 - 6.870 
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35 Forage yield (T3) 

It represents the total vegetative growth of the 
plant during the growing season and was recorded as the 
total of two cuttings taken during the period. 

Lines 201, 242 and 16 seem to have better general 
combining ability as the estimates of general combining 
ability for these lines is higher than the rest and 
positives |.Tabhbe14+shows-that,crosses )34 yx (63 poS) i242 
and 201 x 242 exhibit comparatively higher specific 
combining ability. The estimates of specific combining 
ability were found to have higher values than those of 
general combining ability. 

The heritability estimate taken as the ratio of 
additive and total phenotypic variance was very low 
(1.52%), as compared to its broad sense estimate 
(79.45%). This observation is in agreement with the 
combining ees estimates and suggests that the 
major part of the genetic variance for this character 
consists of heritable but not fixable components of 
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Ame sSoed ‘yield, (04) 

Estimates for the general and specific combining 
ability for each line and each cross (Tables 11 and 15) 
show that lines 242, 201 and 16 have higher values for 
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16 x 67 and 201 x 242 have higher values for specific 
combining ability. It could be noted here that though 
lines 34 and 63 had negative and low values of general 
combining ability, their cross 34 x 63 shows the higher 
Vale Obespecic vc combining ability, 

The character in itself seems to be highly heritable 

as its broad sense heritability was found to be 86.053, 
but its fixable part appears to be relatively low since 
its narrow sense heritability was noted to be 8.193%. 
This again follows the findings of combining ability 
analysis and suggests that the greater proportion of 
Genetic Variance is due to allelic and nonallelic inter- 


eccvons. 


5. Seeds per pod (T5) 

Estimates of general and specific combining ability 
are given. in Tables 11 and 16. It is obvious that lines 
34 and 242 have comparatively higher values for general 
combining ability, and crosses 34 x 67, 5 x 242 and 
5 x 34 have higher values for specific combining ability. 
Though lines 34 and 242 showed higher general combining 
ability, the cross 34 x 242 was not found to have higher 
specific combining ability. 

The broad sense heritability (75.37%) was consid- 


erably higher than the narrow sense heritability 
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Tables 16 and 17: 51 

Estimates of specific combining ability (Ss8ij), general 
combining ability (gi), ‘and’ reciprocal” effects (fi5)° for 
various genotypes of tetraploids. 


Table 16. Seeds per pod Cle} 


Q | 8ij 
Bar— G1 
Boner 5 16 34 63 67 Awe eo Rew y: 
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pam. 004 -0076.-0,147 -0.007. ) — . 02009 0.021 (-0.%55 
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table 17, Dry matter per plant = ‘(71 6) 
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6. Dry matter vield per plant (T6) 

In general, the estimates of general and specific 
combining ability effects were quite low. As is evident 
from Table 11, the general combining ability effects for 
lines other than 63 and 16 were, although low, positive. 
Miececnosses!34°x 67, 16x 693434: x 242775 x 16, 9°63 x 677; 

5 x 242 and 34 x 63 were comparatively higher in the 
specific combining ability estimates than the rest(Table 17). 

The character was recorded on the same plants as 
seed yield, and therefore was taken as an indication of 
vegetative growth of these plants. Along with seed yield, 
its selection for dry matter yield was supposed to 
produce plants of high vegetative yield. 

The narrow sense heritability (0.61%) was found to 


be very low in comparison to the broad sense heritability 


A903 )2. 
fenerorage yield in “the year of establishment (T7) 


On the basis of individual estimates (Table 18). - 
line 201 was found to have the highest qeneral combining 
ability value. The specific combining ability values 
were comparatively higher for the crosses 5 x 242 and 
as 3S ids Crosses showing high specific combining 
ability did not necessarily have parents showing higher 
general combining ability. The specific combining 


ability variance was considerably higher (32.3 times) 
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Tables 18 and 19: zo 


Estimates of specific combining ability (S8ij), general 


;combining ability (gi), and reciprocal effects (fij) for 


various genotypes of tetraploids. 
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Table 19. Leaf area (middle leaflet) (T 8) 
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54 
than Ehevgenera Lecombiningeabidity »piSimid arly; the 
broad sense heritability (89.6%) was higher (29.9 times) 
than the narrow sense heritability (2.98%). This 
Suggests that the genetic interaction components 
Constitute the major part of the variation for this 


character. 


8. Leaf area (T8) 
The general combining ability estimates for the 
lines (Table 11) suggests that lines 67 and 201 have 
higher value for general combining ability and ripehy 
Poexeo), 24° X563,,63 x 201 and 63 x67 are.among the 
high specific combining ability combinations (Table 19). 
The cross 34 x 63 shows high specific combining ability, 
although the parents have low general combining ability. 
The broad sense heritability (85.213) was approx- 
imately 19 times greater than the narrow sense heritability 


(4.37%). 


9. Leaf length (T9) 

The estimates of general and specific combining 
ability (Tables 11 and 20) suggest that lines 63, 67, 
201 and 5 are comparatively, better in their general 
combining ability. The ce 16 Sa242 and 63 ex 1201 
have higher specific combining ability. In general, 


these estimates were quite low in their magnitude. 
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Tables 20 and 21: 35 
Estimates of specific combining ability (sij), general 
combining ability (gi), and reciprocal effects (rij) for 


various genotypes of tetraploids. 


Table 20. Leaf length (middle leaflet) (T9) 
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56 
The broad sense heritability was found to be 86.963 


but the narrow sense heritability estimate was found to 


Deron Ly"02 abe, 


10. Frost Resistance (T10) 

The estimates of general combining ability (Table 11) 
and specific combining ability (Table 21) show that the 
lines 242 and 201 have high general combining ability and 
could be expected to show the frost resistance in various 
pypridscombinations. The. crosses 5x 242,720) x 242° and 
34 x 63 have higher values for specific combining ability. 
It could be noted here that lines 34 and 63, having the 
lowest values of general combining ability, show quite 
high specific combining ability in the combination 34 x 
3. 

The broad sense heritability (84.49%) was quite high 
in comparison to its narrow sense value (0.096%) and 
suggests that the dominance and epistatic components of 
variation contribute the major part of the genetic 
variance. Similar conclusions can also be made from the 


combining ability analysis. 


Vi eA Plant Vigor (T11) 
The diallel cross analysis, as mentioned earlier, 
showed that the variances due to general and specific 


combining ability, and reciprocal differences are sig- 
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Tables 22 and 23: | 3 

Estimates of specific combining ability (sij), general 
combining ability (gi), and reciprocal effects (fij) for 
various genotypes of tetraploids. 


Table 22. Plant vigor (Ta3) 


2 sij 
Pal A 
celia 16 34 63 ot Jv Mp 
5 - 0.193 0.155 0.049 0.000 -0.067 0.176 -O0. 
ioe 0005 - -0.110 -0.004 0.291 -0.123 0.132 0. 
34 0.035 -0.055 - 0.316 -0.038 0.052 0.013 -0O. 
eos = 0-005 0.100 0.100 - 0.028 0.033 -0.046 -0O. 
. 67 0.165 -0.004 0.185 -0.025 - 0.069 -0:106 0. 
oe 0.060 —0.135: 0.310 ° 08235-0180 - 0.084 0 
242 0.065 -0.030 0.090 -0.015 -0.095 -0.020 ~ 0 
Tapven23er.Growth Habit (T 3) 
5 ~ 0.031 -0.062 0.185 -0.066 -0.038 -0.066 0. 
16 -0.015 - 0.038 -0.015 0.029 -0.068 -0.011 0. 
34 -0.005 0.035 at 00383) 10.00 he Jos4ie9.021 -0. 
4 eouero!, o95e~0060 aloios0r farses ‘dyo7s-epov00G? ~0V036'MF 0. 
67 -0.030 -0.015 -0.050 0.010 - 0.050 -0.018 -O0. 
201 -0.065 -0.070 -0.090 0.010 0.020 ~ 0.061 -O. 
742° (e108, 005°’© 01 O15" =0V045990.015°°0.000' 01035 - -0. 
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nificant. The reciprocal differences were assumed to 
be due to the cytoplasmic effect on early growth of 
the plant which becomes unnoticeable in the later part 
of the growth. 

The general (Table 11) and specific (Table 22) 
combining ability effects showed that lines 201 and 242 
were higher for the general combining ability, and 
crosses 34 x 63 and 16 x 67 were among the combinations 
of higher specific combining ability. The lines with 
high general combining ability had not shown the high 
specific combining ability. 

The heritability of the character seems to be 
quite high as its broad sense heritability was found to 
be 81.89%; but the narrow sense heritability was noted 
to be only 0.074%, indicating a small amount of additive 


genetic variance responsible for the variability of this 


- characters 


lee MGrowtheahabit:.(T12) 

The estimates of general and specific combining 
ability effects show that line 5 with the highest 
general combining ability favors the erectness and line 
201, with the lowest value for general combining ability 
tends towards the prostrate growth of the plants in 
various hybrid thn oe ae (Table 11). On the basis 


of the estimates of specific combining ability effects 
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59 
(Table 23) the combinations 5 x 63 with highest value 
could be expected to be erect, whereas cross 16 x 201 
may be expected to be medium prostrate. 

The heritability estimates in the form of the 
ratio of additive genetic variance and phenotypic 
variance (0.093%) and the ratio of total genetic var- 
iance and phenotypic variance (88.15%), suggest: the 
highly heritable but less fixable genetic variance 


responsible for the variation of this character. 


Pee tant, height at maturity (T13) 

Table 24 shows the estimates of general (gi) and 
specific (sij) combining ability and reciprocal effects 
(rij) for each line and its combinations. It suggests 
that lines 5, 34 and 67 have the higher and positive 
values of general combining ability and thus will tend 
to produce taller plants in various hybrid combinations. 

The crosses 5 x 63 and 34 x 242 may be stated to be among 
| the best combinations for the plant height as they have 
the highest positive value of specific combining ability. 

Like the variance due to reciprocal differences 
(O7r), the estimates of reciprocal differences (fij) of 
the crosses are in general noted to be quite small. 

The heritability in broad sense for this character 
was noted to be quite high (88.08%) but the fixable com- 


ponent of the genetic variance seems to be quite small 
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Tables 24 and 25: 


combining ability (gi), and reciprocal effects (rij) for 


various genotypes of tetraploids. 


Estimates of specific combining ability (8ij), general 


Table. 24,0 Height at maturity (TS) 
0 sij * 
Par- gi 
SEF epe5 16 34 63 67 20peal 242 
s - se 2 2. 096425929 384 ele ooo l=. oo Ll G72 
16 -0.415 - ae ety DOO MEU Oo el Oeme oU 2 em ay 
34 Oe75 eer 90 - 1.689 1.421 -0.094 2.698 6.002 
4 63 3.450 0.285 -1.190 - 0.778 -0.345 -0.838 -5.456 
67 Veo =e ae> 2, 2004 2,000 - GO 5 e045 2b Ali 2 
Pipe 0, 450) —43,900-—5./00 1.990, —0).335 - -1,831 j-4.013 
242 -0.365 Fiz ake -0.125 -0.900 -0.935 -0.250 - -4,285 
Table 25, per cent of pod set in crosses (T14) 
5 ~ 6279) 854 2. 538.08 055. 2e hil -10.18 | -6.298 
16 See TA - -6,.892. 10.114 -0.780 -0.493..1.452 5.598 
BASS 0 465 141 595 - 2 Ole Dat tek dood —“O,O92 Ih. Ioo 
‘4 63 6.560 -4.550 -4.690 ~ = 1 id be his) og 9 SS 2.018 
: 67 -0.045 -7.860 -5.590 -4.285 - 3S olltn4 534. -7.066 
201 -2.290:-12.39 -4.230 -4.615 -6.700 - Bid 6 S501 
242 4,175 -8.660 -1.390 11.160 -14.43 0.340 - Tekes 
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as its narrow sense heritability was noted to be only 


O2700% . 


it. Percentage of pod set during crossing wri) 

The analysis of diallel crosses, as mentioned 
earlier, revealed the significant variance for general 
and Specific combining abilities, and reciprocal dif- 
ference effects. | 

The estimates of general combining ability values 
(Table 11) suggest that lines 242, 201 and 16 were of 
higher combining ability whereas line 34 was the lowest, 
followed by lines 67 and 5, for the percent of pod set 
during the crossing program. On the basis of the 
estimates of specific combining ability effects (Table 25), 
PoMgiiatl ons bo »x163-,—63i6%..242: and.5\ x 34 could be 
expected to have higher percent of pod set in the 
Grossing program. The reciprocal effects for each com- 
bination are presented in the above table. The reciprocal 
differences for each line were also tested by ge test 
and it was found that only line 34 had the reciprocal 
differences in the percentage of pod setting. 

The character seems to be highly heritable (broad 
sense heritability = 80.36%), and has gota high per- 
centage of genetic variance in the form of additive 


variance, as the narrow sense heritability was found to 


be 63.793 
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Table 26: 


Estimates of specific combining ability (sij), general 
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combining ability (gi), and reciprocal effects (rij) for 


various genotypes of tetraploids. 


Table 26. 


Number of seeds per pod set during crossing 
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Pama 27 .. 
of tetraploids. 
Characters 
T1 Spring growth 


NZ 


4k 
T4 
lies 
T6 
Ay 
T8 
Abe 
sige) 
T1l 
2 
Lig 
T14 


TLS 


Geers tart) 


Fall growth 
(second cut) 


Forage yield 

Seed yield 
Seeds/pod 

Dry matter/plant 
Forage yield (1968) 
Leaf area 

Leaf length 

Frost resistance 
Plant vigor 

Growth habit 
Height at maturity 


% Pod set 


No. of seed/pod 


during crossing 


% Heritability 


Broad Sense 


0°G/0-p 
72.00 ~t2548) 
10.519 (le, 45>} 
79.45 (1.63) 
Bo 205 Gliesary) 
TESA, (9455) 
71.90 (1.48) 
89.59 (15,34) 
85 22 lege (ies) 
86.96 Clsea7.9') 
84.49 (1.74) 
81.89 (1.68) 
SScek5 (civa8 JA) 
88.08 (1.81) 
S03. 60> § #(elS265)) 
80.84 (1.66) 


63 


Heritability estimates of various characters 


Narrow Sense 


07A/07p 
1.39 (0.030) 
0.91 (0.020) 
1.52 (0:031) 
8.20 (0.168) 
1.23 (0.026) 
0.61 (0.013) 
2.98 (0.061) 
4.36 (0.090) 
0.31 (0.006) 
0.09 (0.002) 
0.07 (0.002) 
0.09 (0.002) 
0.70 (0.014) 
68 27.9 well? 0) 
71.05 (1.460) 


Note: Values in the brackets indicate the Genetic gains’ 
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Additive genetic variance (variance due to GCA). 
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15. Number of seeds per pod set during crossing (T15) 

The estimates of general combining ability (Table 11) 
suggest thats they imess.201,15, 16 and 242 have higher 
general combining ability and thus could be expected to 
produce higher numbers of seeds per pod in the crossing 
program, whereas line 34 will show the minimum number as 
it has the lowest value of GCA. The specific combining 
ability effects (Table 26) show that crosses 5 x 242 
and 16 x 201 have higher ability to produce more seeds 
in the crossing program. 

The broad sense heritability was found to be 
80.84% and its narrow sense value was noted to be 
i. 05% This implies that the character is quite her- 
itable and most of the genetic variance is present in 


tae form of fixable additive variance. 


(b) Hexaploids 

The nine quantitative characters noted on the 
diallel crosses of hexaploid lines were analyzed for 
their combining ability using -Griffing’s model I, method 2. 
They will be dealt with here along with the heritability 
studies. 

The highly significant general combining ability 
variances were noted for the second cut (X2), forage 
yield (X3), seed yield (X4) and seeds per pod 6.459 Be 


The variance for specific combining ability was highly 


oot ASB BO igauw semen 
ae Perfo Me wie (as ottett- ecis 
| ved tdie. ~aaue ovat, x6 
nse el 2003 


dO Enero” aonw wie eo ra vemng /baore xe 


Lb os ’ 
~e 
e = 1 E 
’ 
’ 
f ! a i t 
| i a4 


ysificte onthe ae ; ita 

i . rey = Y | 
y — cw: a bar rt 
SpbhxtG- ak Pe oe? 00 Lad a’ & a iy 
Spe AG ee 
» 2 GES) Bes ss 


Vv Sakai es Ys 


65 


Table 28. Combining ability analysis of diallel crosses 
involving hexaploids. 
Mean squares due to 
Characters 5 | 5 Residual 
GCA (0°g) SCA (6“s) (67e) 
8 rsd St 4 10 42 
PyeecoLring growth 
eerste ecu) O20 LO0S D2 0092 0.0187 
x2 Fall growth 
(second cut) D0 233 As Oa Gres 0.0064 
wa Total forage yield O07 7 0% * 0.0442* 00307 
x4 Seed yield Lael o5 2a% PASE AM OLE RS ote 4.3492 
x5 Seeds per pod 0.1459** 0.0925* 0.0604 
Rie cy matter. per 
plant 0. 0035. 0.0024 0.0063 
x7 Plant height ae Ss, Opi heh Gp 40, 3 400** Lace P10 
Deals 4 14 - 
(ce sa ne Sl a ll ee a ae ina ca ain | A Sl ee ea Sa 
KS .s40f Pod set S045 17207 357.8440t - 
x9 No. of seeds 
_ per pod 14.9210+ IV6LTIOS ~ 


* Significant at 5% level of probability. 


** Significant at 1% level of probability. 


t Significance could not be tested. 
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66 
Significant for second cut (X2), seed yield (X4) and plant 
height (X7); significant for forage yield (X3) and seeds 
per pod (X5) and not significant for first cut (Xl) and 
dry matter per plant (X6). The percentage of pod set 
during crossing (X8) and seeds per pod set during 
crossing (X9)were, though not tested, seemingly sig- 
nificant for general and specific combining ability 
variances (see Table 28). The heritability estimates 


of all the characters are presented in Table 31. 


eee oxrst cutting (Xl) 

The estimates of general (Table 29) and specific 
(Table 30) combining abilitwsfor each line and each 
cross were made. It seems reasonabie to conclude that 
though the estimates were noted to be rather small, lines 
5 and 1 are comparatively superior in their Beez 

% 
combining ability and crosses 4 x 5 and 2 x oe 
higher specific combining ability. 

The heritability estimates made on the basis one 
total genotypic and additive genotypic variances suggest 
that the contribution of additive genetic effect is 


about 26.96% of the total phenotypic variance, but the 


character in general is only 51.04% heritable. 


2 Sacond .cuttang: (X2)) 


Individual estimates of general and specific com- 
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Table 29. Estimates of General combining ability effect 


(Gi) of the hexaploid lines for various 


characters. 
Peaey Cane tas 
Characters 
1 2 | 4 5 
Sieeopring growth 
(purest, cut) O00 1 29= =0 02165 0205/0, oa UeU ree O06 S0 
Pema ll growth 
(second cut) 0.0001 -0.0439 -0.0402 0.0256 020024 
Mee Total forage 0.0119 -0.0695 -0.0818 -0.0373 0.3200 
Mam oeed yield... QO, 0612 -158350 ~-0.5157 0,031.65 2. L000 
X5 Seeds/pod -0.0086 -0.0940 -0.1657 DO O15 702042500 
X6 Dry matter -0.0243 0.0104 020103) -—0 012446 050290 
Mgmeneight ate 
maturity 1.0480 0.5480 -2.3940 U.29L0° 0.5050 
X8 % Pod set 4.1680 -7.5010 -3.6200 -1.9300 8.4580 


X9 Seeds/pod 
during 
crossing 0.4350 -0.5300 0.0990 -0.3770 0.3000 
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bining ability for each line and each cross (Tables 29 
and 30) indicate that line 4 shows a higher value for 
general combining ability and crosses 3 x 5, 1x 5 and 
2 x 5 show comparatively higher values of specific 
combining ability. 

The transmissibility of the character was measured 
in the form of its broad sense and narrow sense herita- 
bilities, which were found to be 92.31% and, 12,91€, 
respectively. On the basis of this, the character could 
be considered to be highly heritable, the major part of 
genetic variance being attributable to dominance and 


epistatic interaction effects. — 


8. ‘Forage yiletd |(X3) 

The estimates of general combining ability (Table 29) 
were noted to be higher for line 5, whereas crosses 3 x 5, 
2x 4, 1x 5 and 2 x 5 showed relatively higher values of 
specific combining ability (Table 30). 

The heritability estimates suggest that the charac- 
ter is highly heritable. Its broad sense heritability 
was found to be 85.66% and the major part of genetic 
variance could be attributed to the additive gene action, 
since its narrow sense heritability was found to reach 
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4. Seed yield (x4) 

On the basis of the estimates of general (Table 29) 
and specific (Table 30) combining abilities, line 5 may 
be expected to do better in a number of hybrid combina- 
tions and crosses 3 x 5 and 1 x 5 may give the best 
combination for the seed yield, 

The value of heritability considered in its broad 
Sense 1S 9477 lt.s-At “least oné*third of +the™qenetic 
variance may be considered to be due to the additive 
gene effects, since its narrow sense heritability was 


Pound co be~ 34+ 07% 


5. Seeds per pod (x5) 

The estimates of ‘general ‘combining”’ability® for each 
line suggests that line 5 is superior with respect to the 
character considered, since it has the highest value for 
general combining ability (Table 29). Table 30 indicates 
that amongst all combinations, crosses 1 x 5 and 2 x 5 
may be expected to have more seeds per pod, since their 
specific combining ability was higher than that of the 
rest of the’crossés. 

The estimates of transmissibility of the character 
were measured in the form of broad sense and narrow 
sense heritabilities, which were found to be 86.64% and 
48.82%, respectively, i.e., a relatively high portion of 


genetic variance appears to be of additive genetic 


(ec olde™).. ferenep’ 76 253% 


"4 Ro ey ‘al 
toe: S. i? 4 ; 
i lane ce 


ais 


=< 
ey VARS 
vem ¢ sfirl p2sktel tds patnedmas 


~aoildmoo bitave to 1ecmbsir s at's 


Pcl 
ied oid ovin vam 2 x i bos: Ke 


-Srery: bone ati; : 
beoxrd 23b ml 5 TspL2 100 hk bide bee to ou 


a 


oifensn std Yo bt Pid S10. yaeel. ih, EN 


avis rise git'-o UD ad os be aul ‘te fr 
esw va tfidstixsn sense wortan ‘ath ‘ponte 8 | yi 
por ee 4 


4 
— 


G 
i) 
| 
it 
ts: 
rt 
2) 
t 
oi 
wu 
a 
aw 
oO. 
vs | 
a 
se 


toi suisv’ teorpcort sat esd FSI aoe ‘ 


- qa 
he 


goteoibnr Of sfldstT’ .(@s sid iBT) | yiilids pak | 


@x S bas @ x I: 20715 ie cie EF, 
Pa: ee 


efit to tent asdt tenpen ee 


todosisd ' ong to vist idie 22k 
sce eee 

worssn brs sense” von ie 
enw a 

“pis 2b3, ae ed. = pave? ot 


nF 
to agid x00. Hepa, 


iy 
pe 


71 
nature. Similar conclusions may also be made from the 


combining ability analysis. 


6. Dry matter yield per plant (X6) 

The diallel cross analysis (Table 28) shows that 
the wegerres due to general and specific combining 
ability were not significant, though line 5 could 
be considered superior for their general combining 
ability (Table 29). The effect of specific combining 
ability was also calculated for each cross (Table 30). 
It can be concluded from the results obtained that cross 
2axeoumeghbeprove tospresent the best combination for 
Piicecharacter. 

Although the transmissibility of the character, 
measured in the form of broad sense heritability, — 
Onlve40%,<atvalue.of 27373%,fonethesianrow sense therittas 
bility suggests a substantial contribution of additive 


gene effects. 


72) Phantyheight (X7) 

Table 28 (combining ability analysis of diallel 
crosses) indicates that the variance due to general 
combining ability is not significant whereas the specific 
combining ability variance is highly Significant and very 


high. The estimates of general combining ability 


(Table 29) suggest that line l is the one with 
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the highest general combining ability, and crosses 3 x a 
2x 4 and 2 x 5 are amongst the highest combinations for 
Phe specific combining ability. 

Like the combining ability analysis, the estimates 
of heritability also show that the major part of the 
penecrc-varrance=for=this-character srs cue sto -atielic 
and nonallelic interactions. The broad sense herita- 
bility (84.38%) was very high in comparison to that of 
the narrow sense (0.013%). 

The data for percent of pod set and number of 
seeds per pod were recorded as the mean values for each 
genotype and thus there were no suitable repetitions. 

The analysis for residual variance was not possible 

and therefore the significance of various constants 
could not be tested. The various constants of these 
characters therefore will be interpreted on the basis of 


their absolute values. 


8. Percentage of pod set during crossing (X8) 

The general and specific combining ability variances 
calculated from the diallel table (Table 28) were found 
to be quite high and may be assumed to be different from 
Zero. | 

The estimates of general combining ability (Table 29) 
for each line suggest that lines 5 and 1 are higher in 


their ability to set pods in various hybrids. Table: 30 
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Table 31. The heritability estimates for various 


characters in hexaploids. 


Rie 


S 


051) 
901) 
764) 
951) 
784) 


824) 


Characters 
Broad Sense 

§-G70en 

Xl Spring growth 
epirst cut) 5110.49 |: (elt 
X2 Fall growth 91203. nla: 
X3 Forage yield Mela tale 
X4 Seed yield. G40 716 {1 
X5 Seeds/pod 86.64 (1. 
X6 Dry matter A0n OO sn (07. 
X7 Height viper fle 


\ 


F : cee. 
6c = Genotypic variance, 0°p 


phenotypic variance, 


67a = Additive genetic variance. 


738) 


Heritability 


Narrow Sense 


6°A/0-p 

26.96 (05555) 
12988) o6026 7.) 
50.69 (1.044) 
38.07 (0.2701) 
48.82 17005) 
Pa Pees COe57 1) 
07013 = 


P.S. Values in the brackets designate the expected genetic 


gain on the basis of respective heritability 


estimates. 
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9. Number of seeds per crossed pod (X9) 

Table 28 suggests that the values of general and 
specific combining ability variances were quite high 
and may be assumed to be different from zero. 

The estimates of general and specific combining 
ability (Tables 29 and 30) suggests that the lines 1 and 
5 are higher in general combining ability, and the 
Mee eeecisiex 5 0 1 x 3, Ix 45) andslos 2 are chiqner in 
specific combining ability and in number of seeds per 


crossed pods. 
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COMPARISON OF GENETIC ESTIMATES OF TETRAPLOIDS AND 
HEXAPLOIDS FOR THE CHARACTERS UNDER STUDY 


1. General and Specific Combining Ability 

The general and specific combining ability variances 
in tetraploids and hexaploids for the characters studied 
are given in Table 32. The comparison of the values 
Shows that: 

(a) the general combining ability variances are, in 
general, considerably higher in tetraploids. For the 
characters first cut and dry matter yield, these 
variances are not significantly different from zero in 
hexaploids, but are highly significant in the tetra- 
ploids. For the character seed yield per pant, Bue 
general combining ability in tetraploids in some in- 
stances is 12 times as high as in hexaploids. The 
contrary is true for percent of pod and seed setting 
during crossing in which the hexaploids show compara- 
tively higher values. 

(6b) the values of specific combining ability nee also 
higher in tetraploids for most of the characters. Once 
again, the specific combining ability variances were not 
significant for first cut and .drysmattersviela per 
plant in hexaploids. Like general combining ability, 
specific combining ability variances for percent of 


pod and seed setting during crossing were higher in 
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Table 32, The comparison between the tetraploid and 
hexaploid combining ability variance for 


various characters. 


Variances due to 


aN (07g) SCA (0s) 
Characters 
Tetraploid Hexaploid Tetraploid Hexaploid 
BiB ORs D.F.:4---:: 88 Dba Al b py > aye 
Pinmsi. cut 0.0648** 0,0103 3 PO RAO As 0.0092 
Second cut 0.0306**  0.0283** 3.3350** 0.0184** 
Total.forage 
yield Cela 0 <* Lisle h Nahai 140 900s = 0, 0442** 


Seed yield 178.8500** 14, 65272 Selogoy evO0U ss 23 71 0094% 
Seeds/pod 0.603047 0.145904% 48.0860** 0. 09 25%% 
Dry matter 0, 00s0 %* 0.0033 0, #0 50 + 0.0024 


Plant height 416.4890** 13.0790 5453 4.4500 *75 195146 334007% 


\o 


% Pod set 468.4000** 504.1720¢ GL ooo 357.8440# 


No. of seeds 

per pod set 

during 

crossing 3.9860** 14,9210# PRES he ad 1.6170# 


 —————— 


7 Could not be tested for the significance. 
* Significant at 5% level of probability. 


** Significant at 1% level of probability. 
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Table 33. The comparison of the general and specific 
combining ability effects of the tetraploids 


and hexaploids. 


‘ig depk sans 1/sx4ij7 
Characters 
Tetraploids Hexaploids Tetraploids Hexaploids 

PaLst cut 0.0045 Ore Ua. a Say 0.0056 
Second cut 0.0022 0.0010 USUUzsE 0: Od. 
Forage yield — 0.0066 0.0288 0.1263 0.0289 
Seed yield dP oat bt 4) 2.0144 AS ry AS HS pee it EE 
Seeds/pod 7 wddarg teers 0.0285 Teo veo Vous 
Dry matter/ 

plant 0.0004 OF 0527 0.0003 00029 
Plant height 29.6350 1.8674 PRPS Bea 2958305 
% pod set 36.5420 41,2394 St OL 1673734 


No. of seed 
set during 
crossing 0.1200 0.1780 0.2520 Vp tl fy hee" 
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G = D.F. for general combining ability. 
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D.F. for specific combining ability. 
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hexaploids than in tetraploids. 

Table 33 gives the combining ability estimates in 
the two populations. Here again, these estimates were 
higher in tetraploids than in hexaploids except in a few 
cases. For example, estimates for dry matter were 
higher for both general and specific combining ability. 
The second cut and plant height have higher specific 
combining ability and percent pod set and number of 
seeds set during crossing have higher general combining 
ability in hexaploids than in tetraploids. 

It is also clear from the above table that the 
estimates..of_specific..combining..ability.are_in_general 
higher than those of general combining ability in both 
populations for most of the characters. This may be 
expected since the lines ere earlier selected so that 
the genes with dominance or epistatic effects ae be 
more important than the genes with additive effects, as 
the selected lines have a higher degree of similarity of 


performance than the unselected population. 


2. Heritability 

The heritability estimates in broad and narrow 
sense in both populations are given in Table 34. It 
gives an idea of the magnitude of fixable and non- 
fixable genetic variances for various characters in 


both hexaploid and tetraploid populations. It can be 
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Table 34. Comparison of heritability estimates of 


tetraploid and hexaploid groups. 


Characters 


farcst) cot 
Second cut 
Forage yield 
Seed yield 
Seeds/pod 
Dry matter 


Plant height 


*TNeLILaDLE cya ait 


Broad sense 


Tetraploids Hexaploids Tetraploids Hexaploids 


7 die OU) 
LOB19 
79.45 
86.05 
Tee Af 
i290 


88.08 


51.04 
ear Sl 
85.66 
94.71 
86.64 
40.00 


84.38 
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80 
noted here that the narrow sense heritability for tetra- 
ploids is very low as compared to its broad sense value, 
which indicates that the fixable genetic variances are 
very small in tetraploids. The narrow sense value for 
hexaploids, which of course is smaller than the broad 
sense value, is relatively higher indicating a reason- 
able amount of fixable genetic variance present in 
hexaploids. Thus the abundance of dominance and epi- 
static interactions seems to be the major cause of the 
expression of most of the characters under study in . 
tetraploids, and the additive action of genes along with 
various interactions might account for the expression of 


these characters in the hexaploid population under study. 
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DISCUSSION OF GENETICAL STUDIES 


As mentioned earlier, the general combining ability 
variance was highly significant (1% level of probability) 
for all the characters except growth habit (T12), which 
was significant at the 5% level. The specific combining 
ability variance was also highly (1% level) significant 
for all characters but growth habit (T12) which was sig- 
nificant at the 5% level of probability. For seeds per 
pod set during crossing (T15), the specific combining 
ability was not significant. Similar results were 
obtained by Evans et al (1966) for plant width, plant 
height, longest stem, crown width, vigor, leaf and stem 
ratio, and leaf hopper yellowing; by Wilcox and Wilsie 
(1964) for fall: growth, forage yield and spring vigor; 
by Theurer and Elling (1964) for forage yield; by Dudley 
(L963)4for plant ae plant width, spring growth, 
recovery and leaf hopper yellowing; by Carnahan et al. 
(1960) for seedling vigor and fall growth habit in the 
year of establishment. The estimates of the general and 
specific combining ability also follow a similar trend. 
In the tetraploid population in general, the SCA variance 
was larger than the GCA variance. A similar result was 
also obtained by Evans et al. (1966) for forage yield. 
This corroborates the results obtained in Maize by Sprague 


and Tatum (1942) and in alfalfa by Kehr (1961), where 
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82 
parental lines had been previously selected for general 
combining ability. These findings suggest that in our 
tetraploid selected lines, though effects due to both 
general and specific combining ability were significant, 
the genetic factors leading to the specific combining 
abilitws were more important for the expression of most 
of the characters. These results differ from those 
obtained by Kehr and Gardner (1960), Theurer and Elling 
(1964), Wilcox and Wilsie (1964) and Evans et al. (1966) 
where they noted larger GCA variance than SCA variance for 
various characters studied. For the two characters, 
namely percentage of pod set during crossing (T14) and 
seeds per pod set during crossing (T15), the variance of 
GCA was larger than the SCA variance, which suggests that 
GCA effects are more important than SCA in controlling the 
above two characters. Similar results for the unselected 
characters were also noted by various workers as men- 
tioned earlier. 

The importance of nonadditive gene effects in the 
expression of most of these characters was confirmed by 
Sel heritability studies. Here it was noted that, in 
general, they had the broad sense heritability quite 
high, ranging from 70.79% for second cut (T2)' to 89.59% 
for vegetative growth in the year of establishment (T7), 
while the narrow sense heritability (an indication of 


additive genetic component) was very low. All these 
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83 
characters had higher SCA variance. This was not true for 
percentage of pod set during crossing (T14) and number of 
seeds per pod set (T15) which have narrow sense heritability 
as high as 63.79% and 71.05%, suggesting the importance of 
additive gene effects in the expression of these characters. 
Similar findings for them was also noted in the combining 
ability studies. 

The differences between the reciprocal crosses were 
found not to be significant for all characters except 
plant vigor (T1l) and percentage of pods set during 
crossing (T14). In general, the absence of differences 
between reciprocal crosses in ie present study are in 
agreement with the results of studies by Bolton (1948), 
Buker and Davis (1961), Davis and Panton (1962), and 
Davis and Gartner (1966). The reciprocal differences 
were noted by Bolton (1948) for 3 of 26 clones for seed 
yield and one parent showing such eyateserance Lor 
forage yield. Similarly, Frakes et al. (1961) made such 
notations for dry matter, Hanson et al. (1964) for various 
characters, and Wilcox and Wilsie (1964) for forage yield 
and fall growth habit. Most of their crosses were made 
without emasculation, so these differences in general 
could be attributed to self pollination of clones during 
seed production. Wilcox and Wilsie (1964) explained 
their results for forage yield on the basis of cyto- 


plasmic and genic interactions. 
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The cases of reciprocal differences for plantivyigor 
(Tll) and percentage of pod set during crossing (714) 
could be explained on the following grounds: the data 

“Of TL4‘was analyzed also,using 't' test and it was found 
. that it was line 34 which showed significant reciprocal 
differences for percentage of pod set during crossing. 

Gihoush the experimental evidences are not available, 
these differences appear to be due to some cytoplasmic 
factors. 

In hexaploids, the general combining ability variance 
was found to be highly significant for second cut (X2)., 
total forage yield (X3), seed yield (X4) and seeds per 
Poco eo) eoutEnot significant forefirsbthecutt Al) yadny 
matvene(XG)wandyplantcheight (Xi). intThe specifie com= 
bining ability variances were highly significant (0.01) 
for second cut, seed yield and plant height; significant 
(0.05) for total forage yield and seeds per pod; and non 
Significant for first cut and dry matter yieldiper plant. 
‘Though the variances for percentage of pod set (X8) and 
number of seeds per pod set during crossing (X9) could 
not be tested due to unavailability of residual variance, 


the values for both GCA and SCA are quite high and: 


therefore could be considered as significant. Except for 
seed yield (X4) and plant height (X7), values of the 
general combining ability are larger than those for 


specific combining ability. This suggests that for X4 
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85 
and X7, the genetic factors responsible for specific 
_combining ability are important, while for other charac- 
ters, the general combining ability has a greater role 
in their expression. 

The heritability estimates in hexaploids 
confirm. the above findings. Here, though the values 
for broad sense heritability are higher, the values for 
narrow sense heritability are also high (except for 
plant height), and suggest that, in general, additive 
genetic components are quite important in hexaploids for 
all the characters except plant height. 

It should be pointed out here that to obtain meaning- 
ful estimates of genetic variance components from alfalfa 
Grosses, crossing porcedures insuring 100% cross fertili-: 
zation must be used or the importance of selfing or other 
maternal effects must be measured in the experiment. 

The results of this experiment were obtained from 
greenhouse and spaced field planted single plants. 

Several workers, such as Tysdal and Keisselbach (1944), 
Pearson and Elling (1961) and Theurer and Elling (1964), 
reported significant genotypic and spacings interactions 
in alfalfa, and concluded that spaced plantings were of 
little value in predicting yields from solid seeding. 
Evans et al. (1966) found positive significant correlation 
coefficients between GCA effects obtained from various 


spacings. Their data suggests that progenies could be 
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D. RELATIONSHIP BETWEEN THE SELFED AND CROSSED PROGENIES 
OF THE PARENTAL LINES 


(a) Tetraploids 

Crossed progenies of each line were tested with 
respect to variation between the replications,as reflected 
by the performance of the selfs. Table 35 shows the 
values of correlations obtained between the two progenies 
for each line and various characters studied. 

itais@clear from the table that the correlations 
between the two progenies were quite high for the following 
Siapaicrerss first cut, representing, the gnrowtn 2m spring, 
in lines 5, 16, 63, 67 and 242; for second cut, represent- 
Biomarowtomin fall) Tn’ Mites: 5) GSeand=2a22eror torae 
forage yield (1969) in 16 and 67; for seed yield in line 
ho; stor seeds: per pod in dimes 5, 16," 63- and 2017) for 
aeyematter®per plant’ in” line 34; for “leaf “area/in? lines 
Pamand 63 for leaf length in lines 16, °34, 63) and. 242; 
TOrerrost, resistanctesin wane 67; Gor plantsvagorein 
Mines 5,1 6/ “and -242; “and! for plant Hetaht in’ line 63. 
Line 242 showed correlation between selfed and crossed 
progenies for yield in the year of establishment, but 
none of the lines exhibited any such relation for growth 
habit. 

On the basis of this study, it could be stated that 


line 16 has the closest association between the performance 


of its selfed and crossed progenies for most of the 
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89 
important characters, viz., forage yield, seed yield; 
first cut, seeds per pod and also for leaf length. 

Lines 5 and 201 have the higher values (though not 

Re feniticant) for forage and seed yield implying that 
they might have a close relationship between the per- 
formance of their selfed and crossed progenies for 
these characters. Though the line 63 did not have a 
high value of correlation between crossed and selfed 
progenies for seed and forage yield, for most of the 
other characters it shows a strong correlation between 


the performance of the above two progenies. 


(b) Hexaploids 

Like’ the tetraploids, the correlation coefficient 
between the performance of selfed and crossed progenies 
of hexaploid lines was also calculated for all the 
characters (Table 36). 

Tt is evident from the table that line 5 has a close 
positive association between the performance of its 
selfed and crossed progenies for all the characters 
studied except seeds per pod. Line 4 has significant 
positive association between the performance of the two 
progenies for seed yield, seeds per pod and dry matter 
yield, and lines 2 and 3 show a significant positive 
correlation for plant height. Line 1 did not show any 


such association for any of the characters. 
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Table 36. Correlation coefficients between the selfed 
and crossed progenies of various lines for 


various characters in hexaploids. 


pwaigie Ret ari+*4 nee. Ss 


Characters a 
i 2 3 4 5 
PiTSst’cut 0.408 ees 57ayY © 05556 0.145 OAc 
Second cut Ua dead a) 0.407 0.741 0.804 0.843* 
Total forage .0.536 Oreo, UEP dee Be) ate Are Veo ZA 
Seed yield 0.764 0.388 0.314 hes Ee Ue pre is 
Seeds/pod 0.942 OFz207 Sp" ahs, if Bote ia ko Ues95 
Dry matter 0.742 0.085 0,244 Oro a Oe bo betas 
Plant height OFV99 Os 60 a 24 9.305 eres 28M 


ee 


4 Significant at 5% level of probability. 


** Significant at 1% level of probability. 
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Qn this basis it may be predicted that lines 4 and 


5 may perform better under conditions where both self and 


cross pollinations are prevalent, producing selfed and 
crossed progenies. 

As mentioned earlier, alfalfa is an insect cross 
pollinated crop but self fertilization does occur, 
especially in areas where the bee population is quite 
Scarce. Under our conditions (Edmonton region) where bee 
pollination is not very common, self-pollination is the 
major source of fertilization -~- thus a line which has a 
positive correlation between the performance of its 
crossed and self progenies may be considered better, 
especially if the maternally selected plants are used 
as the variety. 

Piesbasic fon this relationship between thestwe 
progenies could be the genetic background of the line, 
which in general may be expected to be additive in 
nature... The selection for the lines of. high correlation 
between the two progenies will probably perform better 
tm Oure;cOnd tions of open pollination where self and 


cross pollinations are both taking place. 
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Eas ASSOCIATION BETWEEN VARIOUS CHARACTERS 
Wee corre lations 


(a) Tetraploids 

As mentioned earlier in relation to the combining 
ability studies, all the characters had significant 
values for their variance ratio which suggests that the 
Gatterences between the genotypes for, the characters 
studied were due to the genetic differences, 

The study of the association between the characters 
was performed by means of correlation analysis. For this 
purpose, covariances for all possible combinations 
between the characters were calculated (Table 37). The 
table shows the values of phenotypic, genotypic and 
environmental variances and covariances used in the 
calculation of phenotypic, genotypic and environmental 
Correlations, respectively. The simple correlation 
coefficient for phenotypic, genotypic and environmental 
Hevels are given in; Tablelj8.,77his tables shows sthat 
the genotypic correlations have generally higher values 
than the phenotypic ones and that both correlations 
agree in sign. 

The forage yield seems to show high positive cor- 
relation at the phenotypic, genotypic and environmental 
levels with the first cut, second cut, forage yield in 


the year of establishment, frost resistance and plant 
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ihe 
vigor. The leaf area and its length seem to be uncor- 
related with the total vegetative production. The simple 
correlation between forage yield and growth habit was 
not significant, but the negative values for genotypic 
and phenotypic correlations tend to imply that the 
erectness of plants may be positively associated with 
forage production. 

The seed yield has positive association with seeds 
per pod, dry matter yield per plant and frost resis- 
tance at all threé. levels,.viz., genotypic, phenotypic 
and environmental. Though the values of simple correla- 
tions are non significant between seed yield and first 
cut; second cut, forage yield in the year of establish- 
ment, forage yield. 1969 and plant vigor; the significant 
correlations ae genotypic and phenotypic levels implies 
their association genotypically and phenotypically. 
Spreading habit and leaf characters seem to have no 
bearing on seed production. Though the observed values 
are not very high, excessive plant height might have a 
negative effect on seed yield. 

Among the other combinations, significant correla- 
tions were found between leaf area and the characters 
leaf length, frost resistance and plant vigor; between 
frost resistance and-plant vigor with first cut and 
second cut, which are also associated. A positive 


relationship between height and plant vigor, and plant 
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96 
vigor and growth habit could be seen, though their geno- 


typic and phenotypic values show a negative trend between 


the two characters. Similarly, taller plants seem to 
have more percentage of dry matter yield, but height was 


not found to have association with seed yield. 


The Ba of the combinations in general show no 
association at the environmental level, but 
exhibit a significant value of positive or negative 
Pomreeiation coefficients at genotypic and/or phenotypic 
levels. 

Figures 1 and 2 show the relative viene of 
various characters and their relationship with forage 
and seed yields, respectively, which also indicates the 
path of the causal relationship. On this basis it 
could be stated that the main contributors for forage 
yield are: first cut, representing the growth in Subing, 
second cut, representing the fall growth, plant vigor 
and frost resistance. The yield in the year of estab- 
lishment (1968) was found to be associated with the 
forage yield in 1969. Other’ characters are shown. to 
contribute indirectly to°the effect. Similarly, seed 
yield seems to have direct dependence on the causes 
Seeds per pod, dry matter yield and frost resistance. — 
Plant height seems to have a negative association with 
seed yield. 


The partial correlation was calculated for the 
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Significant at all three (environmental, genotypic ” 
and phenotypic) levels. 

Significant at only cne level. 

Significant at two levels 


ie Showing the relationship between the forage 
yield (1969). and its related characters. in 


tetraploids. 


Ty = Frirst cut, T. = Second cut, T 3 = Total forage 
(1969), TL = Forage yield in the establishment year 
(1968), To = Leaf area, Ty = Leaf length, Tio = Frost 


resistance, Ti = Plant vigor. 
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P.S. 1. Significant at all three (environmental, geno- 
typic and phenotypic) levels. 
2. Significant at only one level. 
3. Significant at two levels. 


Fig. 2. Showing the relationship between the seed yield 
and its related characters in tetraploids. 


Ty = Seed yield, T 


per.plant,.T 


5 = Seeds per pod, Te = Dry matter 


= Tee ies 
10 Frost resistance, ll Plant vigor, 


T13 = Plant height at maturity. 
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99 
directly correlated character combinations of seed and 
forage yield. Table 39 shows the partial correlations 
between seed yield and its related characters when a 
third character is kept constant with their respective 
environmental, genotypic and phenotypic correlations. 

It is clear from the table that at the environmental 
correlation level, partial correlations are of the-same 
Sign and magnitude. When the genotypic and phenotypic | 
eorrelations are used, the partial correlations have the 
same sign, but not necessarily the same magnitude. From 
this table it seems possible to predict that correlations 
between seed yield and seeds per pod are generally un- 
affected by the dry matter content and the height of the 
plant, but are affected when the frost eB Wee is 
Mepeeconstant., Lt tsfalso cleawtthat the: relatvonship 
between seed yield and dry matter content is affected 
by frost resistance, height of plant at maturity and 
probably seeds per pod. A genotypic and phenotypic 
partial association between seed yield and frost resis- 
tance is affected when plant height, dry matter content 
and seeds per adh wane constant and at environmental 
level they show no effect on such association. The 
partial correlation between seed yield and plant height 
follows the findings for the association between the 
seed yield and frost resistance. [In general, genotypic 


and phenotypic partial correlations were found to be 
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higher than the environmental partial correlations. 


Table 39. The partial correlations involving seed yield 


and its related characters in the tetraploids. 


Partial correlations 


Beczagtars Sata area Constants 

TS T6 T1O 713 
T4 vs. T5 r= 02200 : O°oe nOaTo weamOe dT 
T4 vs. T5 rJ = 0.380 _ O22 74S 20,1 Ame eD 
eens rh" - 9.395. 0.309 0725207756 
T4 vs. T6 SEER MEE ae WCE GT REE 
T4 vs. T6 r2 = 0.609 0.546 = OA34 ~1.220 
mee tG tre = 0.456 ~ 07388 = 0,434 0.271 
T4 vs. T10 res !0, 084. . J0RD34- weeDeO1O : 0.069 
Pie, 10 923.565 0.495 0.908350 4 1.160 
fae. io xP. 2am.425 902301 -07403 2 1.042 
T4 vs. 713 05.193 -0.0.086.0. 110, 1504. Y92 a 


T4 vs. T13 r? = 0.755 0.716 bento ies S 


ee eri) re = 0.670 0.849 Cookie. healer: te 


T4 = seed yield, T5 = seeds per pod, T6 = dry matter per 
plant, T10 = frost resistance, T13 = plant height. 
Partial 'r' » 0.275 - significant at 5%. 


Partial 'r' > 0.355 - significant at 1%. 
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The partial correlations of forage yield with first 


cut, representing the growth in spring, and second cut, 


representing the growth, in fall, 


were found to be quite 


high, like their simple correlations, when other related 


Baiecters, i.e.) fall or spring growth, leat area, leat 


length and spreading of the plants, are kept constant. 


The partial correlation between total forage yield and 


spreading was not significant when various factors were 


Heid. constant, as .is clear from Tables 40. 


Table 40. The partial correlations involving forage yield 
and its related characters in the tetranloids. 
Partial correlations 
Simple 

Characters te ieee Constants 

ee 2 T8 AihS gk 
evs. oar lL O30 e O77 AO OS 1860/2955 902.95 0 
Pos «012 0.780 Oras aah = Ore ee de ade 0 <t7,. 8.3 
eraser 12 0.0.50 ~0. 067. 0 AD od Dai 5 ~ 
Meese tiarst cut, T2 = Second, cut; Ts = total forage, 
mie) leat area, T9 = leaf length, “Tl2 = Growth habit, 

Pertial “r'- > 0.275 — ‘significant at’ 5%. 


Pertial rc’ > 0.355 — significant at 1%. 
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(b) Hexaploids 

As mentioned earlier, the analysis of variance was 
performed for all the characters considered and the 
Significant ratios (Table 3) suggest the genotypic 
differences between the genotypes. 

The obtained phenotypic, genotypic and Snot eorreneel 
variances and covariances, associated with various 
characters and their combinations, are given in Table 41. 

The phenotypic, genotypic and environmental cor- 
relations were calculated for all possible combinations > 
of these characters. They are given in Table 42. It 
is evident from the above table that forage yield taken 
as total vegetative production in the season is posi- 
tively associated at all three levels (genotypic, pheno- 
typic and environmental), with first cut representing 
growth in spring, and secondcut representing growth in 
fall. Similarly, seed yield is correlated with seeds 
per pod. 

In general, environmental correlation values were 
very low as compared to the values of genotypic and 
phenotypic correlations. The genotypic values are 
higher than the phenotypic values, but have the same 
sign. This tends to imply that genetically most of the 
combinations presented in Table 42 are highly correlated, 
which they do not show in this environment. All these 


combinations show a positive trend of their association. 
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‘Table 41. The phenotypic (P), genotypic (G) and environ- 
ment (E) variances and covariances between the 


seven quantitative characters of hexaploids. 


Sa a ee 


X1 X2 x3 x4 x5 X6 X7 
Pe 0382n 
X1 G 0.0195 
E 0.0187 
P 0.0464 0.8330 
X2 G 0.0434 0.0769 
mh Fe Of0029n050064 
P 0.0844 0.1296 0.2142 
meer 0606341061203 4061835 
E 0.0210 0.0093 0.0307 
Pe SIR ORAGG? f385757 BL. 2keT 
ee 3.0.20624276) 2355496 77.8689 
PREOMULG200c0171 4000261 4.3492 
PROG TA0S1679 g07265]1 . 4.9405: 0e45ed 
eG 09096600,1660 .052688 4.7863 023920 
E 0.0001 0.0002 -0.0037 0.1642 0.0604 
P 0.0038 0.0046 0.0084 0.3019 0.0146 0.0105 
MENG 0800191060037. 60270057 0.2973 050079 0s0042 
PPOP0019N060010 60,0027 0.0146 0n00GG2% 0H0063 


Brie oor O92 70040. 39343.1643..85 70 92.6940,-0. 3699-0116.6090 
mmc ae) 1.9420 3.3465,.41.3490) 2.4200 -0 248459 110.2060 
Pemeono040e06246-0.0028. 2.4908040.8740 02,7610. .18.2110 


mieeerrret cut, X2 = Second cut, X3 = Forage yield. (1969), 
eA = Seed yield, X5 = Seeds per pod, X6 = Dry matter per 


Hlant, X7 = Plant height. 
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Table 42. The environmental (rc), genotypic (rJ) ana pheno- © 


h 
typic (rP ) correlations between various pairs 


of characters in hexaploids. 


XL X2 X3 x4 X5 X6 


x 02267 
as ees 
r® Qi oi: 


r 0.876 0.551 
aes! BAO5Oe ol2.0.0 

r? (oe 308070 

r G05) adsl 02 p4071 

ae M040 0018 0.927 

rP GariGer 06662 0.852 

r CeO0GeEs Oo. 0ols —O208 Sumo 20 

if 05435. oa0 1956 12085:2> 02855 

rP G5735.. 902967 0.851 0.810 

r 0 sgSte eer] 49 0:51:94; ea 10 80-8 Gies Oee08 9 

coe fee 5 =00205 0206-0. 5 ied 

rP ead Aan als 7 0-1 Fila, 5 0Peee Ie 0 

r Ov082 0.183 (e004 = Dele Ome W247 
ma TROD laa Ose 0:7, 8.5) ee 200bAN) ee nee One OE GOA 
r? (eGa7) 9 0-643 0-669) 9 044 0ea TT 0.3343 


First cut, X2 = Second cut, X3 = Forage yield (1969), 


Seed yield p'tX; = (Seeds: per. pod » -X6 =) Dry) matter ‘per 


plant, X7 = Plant height. 
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Figures 3 and 4 show the relationship between the 
characters studied. 

The partial correlations calculated between the two 
characters when the third one is kept constant, are 
presented in Table 43 with their corresponding values of 
simplescerrelations. It is evident here that. except the 
cases dealt with below, partial correlations show the 
Same trend as their simple correlations. (The partial 
correlations at genotypic and phenotypic levels were not 
Significant between first cut and seed yield when the 
second cut was kept constant. Similarly, partial Cor 
relation between second cut and seed yield, when total 
forage and seeds per pod were kept constant, were not 
Significant at both the aia ete and phenotypic levels. 
The genetic partial correlation between second an and 
number of seeds per pod with total forage kept constant 
was found to be significant, but with a sign different 
from that of the simple correlations. In general, simple 
correlations and partial correlations between second ot 
and dry matter yield were not significant, but the 
partial correlation (genotypic) moved up to a level of 
significance when the seed yield was constant. Change 
in sign was also noted for the following combinations; 
‘at genotypic. level between forage and seed yield when 
first cut was constant, at phenotypic level between 


forage yield and seeds per pod when second cut was 
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Fig. 3. Relationship between the seed yield and its 
related characters in hexaploids. 
Fig. 4. Relationship between the forage yield and 
its related characters in hexarloids. 
Xy Ser imst Out, X, = Second cut, X4 = Forage yield 
(1969), is Seea vield, Xe = Seeds per pod, Xe = 


Dry matter per plant. 
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10:9 
constant, at genotypic level between forage and dry matter 
yield when seed yield was constant, and between seed yield 
and seeds per pod when forage yield was kept constant. 
Some of the partial correlations were not significant, 
although their simple correlations were significant. 

They may be listed as below, phenotypic and genotypic 
partial correlations between first cut and seed yield 
when second cut was constant and between forage yield 

and seed yield when second cut was constant. Similar 
results were also cbtained at the phenotypic level between 
second cut and seed yield when seeds per pod was kept 
constant. The other combinations showed almost the same _ 
trend as their simple correlations of phenotypic, geno- 


typic and environmental levels. 
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DISCUSSION 


As is well known, correlated variation of two 
characters may be due to similar actions on both charac- 
ters by genes or chromosomes, on the one hand, or by 
environmental influence on thenothans If genetic cor- 
relation is high, it is sometimes useful to increase 
character A by selecting for B. Favorable circumstances 
are high heritability and ease of Se eatin for B and 
high genetic correlation between it and A, It may be 
that, although the phenotypiccorrelation between the two 
characters is zero, by partitioning the genetic and 
environmental portions are found to be opposite in sign. 
Apart from the biological interest in such situations, 
the use of environmental correlations to correct for 
environmental variations and of genotypic correlations to 
aid selection,might be profitable, The phenotypic cor- 
relations published frequently can seldom be interpreted 
in terms of genetic and environmental effects. 

Dudley and Hanson (1961) observed that in their 
studies of interrelations among characters, the geno- 
typic and phenotypic coefficients were similar in sign 
and magnitude. In this experiment, most of the combina- 
tions showed similar results in both the tetraploid and 
hexaploid populations. This could mean that environmental 


sources of variation had little influence on the expres- 


Ta 
TS os r io % 
{ i3 Ti , 4 wt a I 
4 : - 
=< i JIOm ac 


i : a al - 7. iy ia 
to “Es cer Sat a4 Te) somenomo x49 0, Se 


=%OoO = ‘5 net a4 . te 30 arid 10 ‘shoutaak tases Ors XN 


fs Rit 


Tor os Lytoes aanits mie pi + -_e | 


muoxrro, sLdsroves 4 so8 ) puktnaien . ia 30398 
2 20 SE ons sd indes baer paps is 


v¢ 7 


iI ,A buns 3% ngewred” ne kapts%400 oiaent aah 
: ; . : , a >. ~~ 

wa -5n3 fissws ad motel erat » atpytortotiq, wild: ies 
sijonop ond painoka taeda cael ek Bee 
zi ot ah : hig y 
ni atireeado sd oF Bn bor SLE pnbk3 904 fey ao 


a the | 
ftaudie Adve A wee igoipototd od Ost : 


“362 d3gs r10D oF eniQlys = Lawton: tnsiromnotkvne * o 9 


= 


ot afokisistxds, siqysonep Je bts enokiehtsy fs ea pa any 
-10D aiay iat fg ont. fdas tong oc) 2k a fl nots toe 


; nye 25 i ' 
: 7 1” { ie 
storexssnit od mohis2 me vitmoupext ve 


Pn 


‘A 
,etostia Lesns ron OES “a 
| : ato 


om) : 


~tLSAS OL dees bevaaede s9ety 26 ; - 7 


ah A 


ry 
a 


-One pote i ,atesoszsio vont om 
apke oi zebinte e2ew _— +4: nn ee tor 
-sfiidmop sft ia Saleen 
bas biolasrtad odd. stead: ni ® 


{n3 emo, iva: sed eam & 


¥ 


bine i Ji 
aaa ats ag at ohass: 


mam, my 


Ba 3s 
Si0n OL elése associations. In some cases, genetic 
correlation value was higher than that of phenotypic and 
environmental values, which may be attributed to the 
environmental effect dropping the value of phenotypic 
associations. 

For instance, in this case, seed yield was found to 
berassOciated at all the levéls, i.e., environmental, 
genotypic and phenotypic, with seeds set per pod, dary 
matter yield per plant, and frost resistance. This 
association could be explained on the grounds that seed 
per pod directly affects the number of seeds per plant, 
dry matter gives an idea about the size of plant (area 
for the pod set), and frost resistance protects the 
plant from Bameqes especially during Tloweriid. se oli. tar 
results were also obtained by Nielsen_and Mortensen (1963) 
for seed omSi8 and seed set, seed yield and hav yield at 
maturity; by rane and Riedl (1964) for plant height, 
number of stems and fertility with seed yield; and by . 
Miller and Schonhort (1968) for seed yield with pod and 
seed ~set~and~seed-yield-with self fertility. 

The forage yield was found to be associated with 
growth in spring, growth in fall, forage yield in the 
establishment year, frost resistance and plant Visjor at 
all the environmental, genotypic and phenotypic levels. 
This seems quite obvious as all of these characters have, 


in one way or another, direct impact on the total vegeta- 
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12 
tive production. Similar results were also obtained by 
Tysdal and Kiesselbach (1944) for yield with height and 
ipeighnteplants7seby“Burton(1957) | for! yieldvandinumberrof 
stems; by Dudley and Hanson (1961) for vield with spring 
growth, recovery and height; by Nielsen and Mortensen 
(1963) for height with vigor; by Liang and Riedl (1964) 
for forage with plant height, Taner of leaves, number 
of nodes and number of stems; by Davis and Panton (1962) 
oor forage yield with vigor, height, crown width and 
seedling height; and by Wilcox and Wilsie (1964) for 
yield, less erectness and spring vigor. Some other 


combinations which showed the association within them- 


Selves are quite clear (Table 38). Some of them are also 
suggested by the experimental evidences reported earlier. 
evidences reported earlier. 

Similar results were also obtained for the hexaploid 
population. 

The mize wide partial correlations in tetraploids 
followed the trend of simple correlations. The same was 


true for hexaploids, barring certain exceptions which are 


self explanatory. 


i i 
wer wd 


i bees plat ete eines vi t aD wey (as Hinive: Ds: 

, OS paOL) . anne Trani oF aihae 48 oh) i . 
| i a a + 4 fopiy “peaks yin peas 
(i) ob he eoreee ore daha: eid 

gmat . bo iste) aad, pee bu 


ba roaiaet 2557Te0 08 anaes isa. eae 
: , a hs | Aa 


113 
225) selection Indices 
The method of discriminant function was used to 
construct the selection indices involving various char- 
acters directly associated with the seed and forage 
yield. They will be dealt with here separately for 


tetraploids and hexaploids. 


A. Tetraploids 
(a) Selection indices involving seed yield 

Table 44 shows the indices, their discriminant 
function and the genetic advance obtainable for these 
Senmsitations.. The greater genetic advance inesselection 
for seed yield could possibly be obtained when the 
selection is based on seed yield along with seeds per 
. pod and dry matter yield per plant, as the genetic 
advances for seed yield and seeds per pod, seed yield 
and dry matter yield, and seed yield, seeds per pod 
and dry matter yield were found to be 138.95, 138.937, 
ended. 39). 645) .réspectively.« The'chanacter, frost To 
tance does not seem to increase the genetic gain when it 
is included in the selection program, as the value of 
genetic advance has gone down whenever it was taken as 


the basis of selection along with other characters. 


(b) Selection indices involving forage yield 


Seven indices were constructed and are given in 


ae i? ? A if P| des 
it t r ‘ 4 ovird hi 
- 7 
ve. we 
. " p Ae a" 
Ton Vfetc FELIS Pao lag # dinoh nd Aas 
' : pel ~~ 


- * | ) } i x By a, 
14 baat ( ros 3 Vil f wk ity shone b 

ah! ? > * at pe 
oe | al a i $i} fe a sa titi oi Toamp walt 4 
‘t ECR Pepe a haes 


iistete Hee iste nia oa 


<3 ne wi : Sth fiibes of ‘tlio Bist 
bara tS hongiote Baek ino ee snd ll 


LP it on 
arly as - 3 ae 194 Bebe Sabad an = : 
we 


fer Pik 
bien Howe 
am : 


* 

a 
— eS , 
a, 


oe 
mu 


ay- ABO? 16 7G | Ba ia ote Nai eo 
Bf : ae 


- e bodiess one a eat Ladi i te 4 


9 
ree | 


114 


Table 44. Discriminant function and expected genetic 
advance in seed yield from the use of different 


selection indices in tetraploids. 


Selection indices Discriminant: function Genetic gain 
ate LO y= ho. 473044 Ht OL2 9334075 18895) (00)F 
na T6 y=16.7445T4 + 51.48777T6 IBS P92 (997799) 
4. TO Yo SOO 4h SoCo OELOy 133524 (96.357) 
cae, 15, T6 yl 6 OOO OTS sooo 
+ 32.0699T6 138.64 (99-77) 
eS, T1LO . y=l5. 204474: 4+ 103774895 
+ 85.53809010 abs Pa Lh OMe hase) 
T4, 76, TLIO y=l5.3413T4 - 5.076276 
) + 86.0083T10 133823) (9572920) 


r4, 75, T6, TIO y=1l3-.6929T4 + 14,.5161TS + 
831.3423T6 + 64.4054T10 136.06 (97.92) 


SEE nn nn 


where T4 = seed yield, T5-= seeds per pod, T6 = dry matter 
per plant and T10 = frost resistance. 
*Values in brackets indicate relative efficiency of 


Selection. 
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Table 45. Selection indices involving forage yield in 
tetraploids. 
Selection indices Discriminant function Genetic ' gain 
Lee T 2 y=2,309STIe—=-O078 19 Pt? 0.7090 - 
Diets y=0.9353T1 + 1.833973 GET aa 
T1, T1O y=2.4691T1 + 6.25797T10 2.6313 (205.8) 
else LL vo2 LAE T) A S71 9A Ee | 2.3844, 4186.5) 
ieee) 3 y=—-2 09901 P45 095eT2 : 
+ 5.694273 203359 0a Oo) 


T1, T2, T3, T1O y=-52.8238T1+53.4490T2 
+56 .985973+6.7382T10 3.5551 27681) 


eT oS, T1L0, 
TLL y=3974.1519T1+3942.1093T2 
— 3867.8116T3 
~36.0131T10+40.1481T11 3.7630 (294.4) 


pa a 


Where Tl = first cut, T2 = second cut, T3 = total forage, 
T10 = frost resistance and Tll = plant vigor. 
* values in brackets indicate relative efficiency of 


Serection. 
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Table 46. Discriminant function and expected genetic 
advance from the use of different selection 


indices. in hexaploids. 


Selection indices Discriminant sfunetion Genetic gain 
Seed yield 
x4, X5 y=6.1704X4 + 5.4043X5 10.8465 
X4, X6 y=6.3897X4 + 1.0486x6 10.8625. 
mote <5 ,, X6 Eo ED © Se ele CRS aS 

+ 2.3603X6 1029279 


forage yield 


alg 99.4? y=1.8108x1 - Gavi lao dades 0.3414 
Ar Wis Ca / 994K lee Oe oo AS Ofer 0 
oe dO y=0.58387XL -.0.0680X6 0.2459 
Peers pk eS y=0.9414X1 - 2,4301X2 

Pape ee 05033 
Xl, X4 AY Sa PI pe DR 1.4414 
mh, x4, XO Vole OD SO Kiet eo leddns 


+ 13,.1924Xx6 5.03.4 
Sirs en nn ne 


Where Xl = first cut, X2 = second cut, X3 = total forage, 


X4 = seed yield, X5 = seeds per pod, X6 = dry matter. 
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Maple 45. -It seems probable here that the inclusion of 
aulethe characters considered in this study will be 
helpful in a selection program for increasing the forage 
yield. Considering the genetic advance obtained on the 
basis of first cut and total forage yield, the other 
pe ipatipns showed in general the increased relative 
efficiency of selection. As high as 294.4% of relative 
efficiency of selection (G.A. = 3.763) was observed for 
the combination which. included first«cut,..second cut, 
Prost resistance,splant vigor and total forage yield. 
Other combinations showed the relatively higher values 


SEygeneticsgain. 


B. Hexaploids 

The indices involving various combinations along with 
seed and forage yields are presented in Table 46. It 
suggests that for seed yield, maximum genetic advance may 
be obtained by selecting on the basis of seeds per pod, 
dry matter yield and, of course, seed yield. The 
combinations involving forage yield suggest the maximum 
gain through the first and second cuttings. iwo,other 
combinations calculated, including forage yield and seed 
yield, showed that the selection based on the dry matter 
yield increases the relative efficiency of selection 
as its genetic advance was noted to be relatively high 


in comparison to the other combinations. 


@ 
- 


aa 


‘sf remo qabrmee’ ety 


Pe." 
ont 


Poesy a , ye sine ay ‘aft “ioe i Mace: 


ay 
4s J ‘te leke tot Srrn dua. wars 


ae see 
But nin at he enti SeRts! 
x i FP ne as delet am “nok sein a pret 


+ ie 


33 2) ats be cntank to. Xe neip - So 


‘ » ate ‘oe 
or > Jealt Seema | aeeee notteatte dmg 
ee ae ek. } 7 wie ae 


0 YOuULY ‘whi | 49 ite 7 dea 


vats. vfevite let ahh aware enoi sen idine: > 398 


t2 : rs ial A 
’ be eres 
aS mise 5 A 
a 

a a 
; uo? isl pie fra ‘wep thak ait 
4 “bg ; um a 
ako od 1se onan, Sit witht spe10} bas 

N = | ; 


isvbn ots: ) APL Sal nes mops sO omnes +h 

I ' : , in os 

+} : ele - Oya Ftv pte: rote vat es "i 22 

fy Vv Mage Sec ins je3" cr abe of mi 4 

vee os ong 

ylaty is ates ‘Peete eae 
. ' “9p i ye = 


U 


— 


) ove 2OoniI7e9 HAGE a bike ceed a 


biety speqgeis rari bt Iona F ide aes “ 
: wey - ok vis mane 
oe whi) ee aa) syid wif) he +s ancl atlas a je 


“et 


noftoeieg io Vorne ben Sw. ‘ay 


teks vs ae in | = 5 od pia (je enh 


' 
. ® > 


won i 


rhe? 


118 


Correlations between selection of multiple objectives 
or between component characters related to economic 
objects are important in index construction. The problem 
of efficient selection indices was first mcied by 
Smith (1936) using discriminant function and later by 
Hazel (1943) using Wright's path coefficients. In general 
the optimum weight assigned to an index component is 
larger as: 

(i) its direct economic value is high, 

(ii)}ocits) heritability<is high, 

(iii) its genetic correlations with other economically 
important components of low heritability are 
Behe and 

(iv) its environmental correlations with other 
economically important components are low or 
negative. 3 

In general, it was found that in tetraploids, the 
selection index comprising the direct components of seed 
yield did not show any appreciable improvement over 
straight selection based on the component character only. 
Similar results were also noted by Johnson et al. (1955) 
in Soybeans and various others in different crops. In 
the case of seed yield, the discriminant function did 


not show much advantage over the straight selection. 
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Onechie contrary, Ehectonctions-involying forage yield 
' showed some superiority over the straight selection. 
Such results were noted by Robinson et al. (1951) in 
Gorn andoMitter et al’ (1958) “in cotton: 

Thus, although in the case of seed yield none of 
the selection indices considered gave a higher efficiency 
than that obtained from direct selection for seed 
yield alone, the use of the discriminant function seemed 
to have some advantage over rau xs jute selection in case 
of fodder yield. The selection index based on growth in 
spring, growth in fall, frost resistance, plant vigor 
and forage yield, showed an iS nee efficiency 
(G.A. = 3.763) over the other combinations, which 
indicates a relative efficiency: of selection about 
294.4% over the forage yield and first cut. 

Though all these characters and the combinations 
studied in tetraploids were not studied in hexaploids, 
in general, the various combinations of selection indices 
considered seem to follow the findings for the tetraploids 


mentioned earlier. 
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SUMMARY AND CONCLUSION 


Two sets of diallel crosses from the selected lines 
were produced to investigate the seed yield and vegetative 
production ability of various combinations and to study 
the genetic behavior of different quantitative charac—) 
ters associated with the main effects. The one set 
included seven tetraploid lines with their crosses and 
reciprocals; whereas the other set had five hexaploid 
lines and their one way crosses. 

They were grown in a randomized block design with 
eight replications. Four replications were harvested for 
forage and the other four were used for seed yield test. 
The variety Grimm was used as a check and male sterile 
line 20DRC served the purpose of checking the percentage 
of cross pollination under the growing conditions at 
Edmonton, Alberta. 

Data were obtained on fifteen quantitative characters 
in tetraploids and on nine of them in hexaploids during 
the two growing seasons. Further selection was made 
directly for the main characters, viz., seed yield, 
forage yield and dry matter yield per plant. The 
results of the present study may be summarized as 


follows: 


‘1. The percentage of cross pollination was checked 
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Self fertility in the tetraploid and hexaploid 
lines under study was approximately 30% to 40%. 

2. In general, heterosis expressed in percent of 
higher oe paeeooser ved for seed yield, forage yield 
and dry matter yield in a1nés® all the-crosses “of 
tetraploids;* this was also true for hexaploids, except 
for cross 2 x 3 with respect to seed and forage yields, 
and cross 3 x 4 with respect to dry matter per plant 
which showed no dominance. 

3. The crosses involving the tetraploid lines were 
found to be highly superior to the variety Grimm for 
seed, forage yield and dry matter yield. Though the 
seed yield of all crosses but 2 x 3 was higher than that 
of Sonn imehexaploids , “the “forage yield and dry matter 
content were found to be quite low. 

4, The hybrids in general showed heterosis in 
tetraploids and ates in hexaploids for seed yield, 
forage yield and dry matter per Plantier Ir both groups 
the extent of heterosis was~ found to be greater for 
seed yield than forage and dry matter yields. Values 
-as high as 577.35% and 526.48% over high parent were 
noted in tetraploids and hexaploids respectively for seed 
yield. 


5. The variances and effects of specific combining 
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ability were relatively higher for most of the charac- 
ters than general combining ability in tetraploids, 
which is expected in selected lines. In hexaploids 
the effects and variances of general combining ability 
were higher than Beenie combining ability which could 
be due to inclusion of the newly produced hexaploid line 
in the crossing program. In general, Asean eee dif- 
ferences were non-existent. 

6. In general, lines 242 and 201 of tetraploids 
and lines 5 and probably line 1 of hexaploids are the 
Superior selections on the basis of their general com- 
bining ability”estimates. Crosses 201°x 242055 Es 242 
puamo4¥xaos: ofitetraploids mand’ 3x "*5°of *héexaplord*may 
be expected to do better in such combination for most of 
the poendasic characters under study. 

7restThe transmissibility measured in the form of 
broad and narrow sense heritability was estimated for 
all the characters. In general, narrow sense values 
were noted to be quite low in tetraploids ane quite 
high in hexaploids, indicating the prominence of dom- 
inance and epistatic interactions in the first and ad- 
ditive and fixable genetic effects in the second case. 
It could be expected as the tetraploids were all 
selected whereas hexaploids had a newly synthesized 


line, the parents of which were previously selected. 
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8. The relationship of the performance of selfed 
. and crossed progenies of these lines was calculated for 
each character by using correlation coefficients. 
Significant correlation for forage and seed yield between 
the two progenies was noted for line 16 in tetraploids 
and line 5 in hexaploids. All the possible correlation 
combinations are presented. 

9. High and positively significant simple, genetic 
and phenotypic correlation coefficients were observed 
between the following combinations: first and second 
cut; first’ cut “and “total forage? “second cut “and “total: 
forage; first cut, forage yield and frost resistance; 
plant vigor and first, second cuts and total forage 
yield; seed yield and seeds per pod; dry matter per 
plant and frost resistance; dry matter and leaf area, 
frost resistance, plant vigor and plant height; leaf 
area and leaf length; frost resistance .and plant vigor; 
leaf length and plant vigor; and growth habit and plant 
height. Though the value of simple correlation between 
forage and seed yield was very low, the hiah values at 
genotypic and phenotypic levels indicate their positive 
association. 

10. In general, genetic correlation coefficients 
were higher than simple and phenotypic correlations; 


they had the same sign and magnitude as the phenotypic 


correlation. 
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ll. In general, partial correlations between various 
combinations followed the same trend as the Simple 
correlations. 

12. The selection indices comprising the direct 
components of seed yield did not show any appreciable 
improvement over the straight selection in both tetra- 
ploids and hexaploids. The forage yield in tetraploid 
could be improved by using growth in spring and fall, 
frost resistance and plant vigor along with total forage 
yield in the selection criteria. 

It seems logical to conclude that, as the tetraploid 
material was already well selected, it has showed more 
prominence of specific combining ability. Though further 
selection with it is plausible if based on the quantita- 
tive characters discussed, the specific hybrids or 
synthetic combinations may lead to more advantageous 
results. The hexaploids were poor in their growth, so 
any conclusion made on the basis of this study about 
selection might not be practical. 

The breeding system which allows one to utilize the 
non-additive genetic variance as well as the additive 
would appear to be more promising. The use of Fi hybrids 
or first generation synthetics would be preferable if 
the mechanics of seed production could be solved, 


especially in our tetraploid material. 
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MEAN VALUES OF VARIOUS CHARACTERS FOR ALL THE GENOTYPES 


OF DIALLEL CROSSING SYSTEM IN TETRAPLOIDS 
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Table I-5 Seeds per pod - (T,) 
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Leaf length (Middle leaflet) - (To) - cms. 
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Table I-14 Per cent of pod set in crosses -(T) 4) 
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Number of seeds per pod set during crossing 
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MEAN VALUES OF VARIOUS CHARACTERS FOR THE GENOTYPES 


OF DIALLEL CROSSING SYSTEM IN HEXAPLOIDS 


Genotypes xy 


1® 


pote 2 Oe aS uneG 7h Bee 
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X eeearst cut (kg), X= Second cut (kg), X., = Total 

forage yield 1969 (kg), X, = Seed yield per plant (gm), 

Xe = Seeds per pod, Xe = Dry matter content per 

plant (kg), Xo = Plant height at maturity (cms.}), 

X. = Percentage of pod set during crossing , X9 ™ number 
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of seeds set per pod during crossing. 
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